






























LQ FRPSOLDQFH ZLWK *RRG /DERUDWRU\ 3UDFWLFH */3 7KLV LV EHFDXVH ODUJH YROXPH
DGPLQLVWUDWLRQ RI +E9 VRPHWLPHV RYHU D OLWHU LV UHTXLUHG DV 5%& VXEVWLWXWHV LQ SDWLHQWV







VWDWH WKH HIILFDF\ DQG VDIHW\SURILOHV RI WKLV ORQJWHUP VWRUHG+E9 LQPDVVLYHKHPRUUKDJLF
FRQGLWLRQ KDYH QRW EHHQ HVWDEOLVKHG ,Q WKLV FKDSWHU WKH KHPRG\QDPLF DQG KHPDWRORJLFDO
SDUDPHWHUVRIIUHVK5%&VH[FHVVLYHVWRUHG5%&VDQG\HDUVWRUHG+E9LQKHPRUUKDJLFVKRFN
PRGHOUDWVZHUHFRPSDUHGIRUUHVXVFLWDWLYHHIIHFWV)XUWKHUPRUHRUJDQLQMXULHVOLYHUNLGQH\
DQG OXQJ  KRXUV DIWHU WUDQVIXVLRQ ZHUH HYDOXDWHG IRU SRVWWUDQVIXVLRQ DGYHUVH HYHQWV
$OWKRXJK VHYHUH K\SRWHQVLRQ DQGPHWDEROLF DFLGRVLVZHUH LQGXFHG E\ZLWKGUDZLQJ  RI
WRWDOEORRGWKHVHSDUDPHWHUDOPRVWUHFRYHUHGWRWKHEDVHOLQHOHYHODIWHUWUDQVIXVLRQZLWK+E9
7KHKRXUVXUYLYDOUDWHLQJURXSWUDQVIXVHGZLWK+E9ZDVFRPSDUDEOHWRWKDWZLWKIUHVK5%&V
7KHVH UHVXOWV VXJJHVWHG WKDW+E9ZDV DV HIIHFWLYH DV FRQYHQWLRQDO5%&V DV D UHVXVFLWDWLYH






 7KH LQIOXHQFH RI ODUJH YROXPH DGPLQLVWUDWLRQ RI+E9RQKHSDWLF F\WRFKURPH3
&<3DQGSKDUPDFRNLQHWLFVRI&<3PHWDEROL]HGGUXJV
:KHQ+E9LVXVHGLQFOLQLFDOVLWXDWLRQVSDWLHQWVZRXOGQRUPDOO\DOVREHLQJFRDGPLQLVWHUHG
ZLWKPXOWLSOH GUXJV7KHUHIRUH LW LV LPSRUWDQW WR HYDOXDWH WKH SKDUPDFRNLQHWLF LQWHUDFWLRQV
EHWZHHQ+E9DQGFRQFRPLWDQWGUXJVEHFDXVHSKDUPDFRNLQHWLF LQWHUDFWLRQVVRPHWLPHVFDXVH
VHULRXV DGYHUVH HIIHFWV ,Q WKLV FKDSWHU ZH LQYHVWLJDWHG WKH HIIHFWV RI +E9 RQ WKH
SKDUPDFRNLQHWLF LQWHUDFWLRQ UHODWHG WR KHSDWLF&<3V LQ KHDOWK\ UDWV 3URWHRPH DQDO\VLV DQG
ZHVWHUQ EORWWLQJ RI &<3 LVRIRUPV UHYHDOHG WKDW +E9 DGPLQLVWUDWLRQ KDYH OLWWOH HIIHFW RQ
KHSDWLF &<3V SURWHLQ H[SUHVVLRQ +RZHYHU SKDUPDFRNLQHWLFV RI &<3PHWDEROL]HG GUXJV
FDIIHLQH FKORU]R[D]RQH WROEXWDPLGH DQG PLGD]RODP &<3 FRFNWDLO VKRZHG WKDW +E9
PRGHUDWHO\SURORQJHGEORRGUHWHQWLRQRIWKHVHGUXJV,QDGGLWLRQ+E9DGPLQLVWUDWLRQFOHDUO\
VXSSUHVVHG&<3DFWLYLW\DQGP51$H[SUHVVLRQRIIRXU&<3LVRIRUPV&<3$&<3&
&<3 ( DQG &<3 $ LQ WKH OLYHU FRPSDUHG ZLWK IUHVK DQG VWRUHG 5%& DGPLQLVWUDWLRQ
,QWHUHVWLQJO\ WKHVH VXSSUHVVLRQV ZHUH DOVR REVHUYHG LQ UDWV DGPLQLVWHUHG ZLWK HPSW\
OLSRVRPHVZLWKRXW+E7KHVHDOWHUQDWLRQVZHUHDOPRVWUHFRYHUHGLQUDWVRQHZHHNDIWHU+E9
DGPLQLVWUDWLRQ 7DNHQ WRJHWKHU WKHVH UHVXOWV +E9 DGPLQLVWUDWLRQ WUDQVLHQWO\ DQG VOLJKWO\
LQKLELWHGWKH&<3PHWDEROL]LQJIXQFWLRQ
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RI SURWHRPH DQDO\VLV DQG ZHVWHUQ EORWWLQJ H[SODLQHG WKDW UHVXVFLWDWLRQ ZLWK ERWK +E9 DQG
5%&V GHFUHDVHG H[SUHVVLRQ OHYHOV RI &<3 ZKLFK DSSHDU WR FDXVH E\ KHSDWLF LVFKHPLD
UHSHUIXVLRQGXH WR WKH WUDQVIXVLRQ7R DVVHVVZKHWKHU FKDQJHV LQ H[SUHVVLRQRI&<3VDIIHFW
WKHSKDUPDFRNLQHWLFVRI&<3PHWDEROL]LQJGUXJV&<3FRFNWDLOZHUHDGPLQLVWHUHGLQUDWVDW
 KRXUV DIWHU VKDPWUHDWHG RU UHVXVFLWDWLRQ ZLWK HLWKHU +E9 RU 5%&V 3KDUPDFRNLQHWLF
SDUDPHWHU VKRZHG WKDW WKH HOLPLQDWLRQ RI &<3 FRFNWDLO ZDV SURORQJHG LQ DOO UHVXVFLWDWLRQ






,Q FRQFOXVLRQ ORQJWHUP VWRUHG +E9 VKRZHG UHVXVFLWDWLYH HIIHFWV ZLWKRXW FDXVLQJ SRVW
WUDQVIXVHG OXQJ LQMXU\ FRPSDUDEOH WR FRQYHQWLRQDO 5%&V UHYHDOHG WKDW +E9 KDYH KLJK
SRWHQWLDOIRUXVHDVDUHVXVFLWDWLYHIOXLGZLWKDORQJVKHOIOLIH,QDGGLWLRQZHDUHWKHILUVWWR








$/7 ࢔ࣛࢽࣥ࢔࣑ࣀᇶ㌿⛣㓝⣲  $ODQLQHDPLQRWUDQVIHUDVH
$5'6 ᛴᛶ࿧྾❓㏕⑕ೃ⩌ $FXWHUHVSLUDWRU\GLVWUHVV
V\QGURPH






%$/) Ẽ⟶ᨭ⫵⬊Ὑίᾮ  %URQFKRDOYHRODUODYDJHIOXLG
&/WRW ඲㌟䜽䝸䜰䝷䞁䝇 7RWDOFOHDUDQFH
&<3 䝅䝖䜽䝻䝮 3 &\WRFKURPH3
























/RQJ7HUP 6WRUHG +HPRJORELQ9HVLFOHV D &HOOXODU 7\SH RI +HPRJORELQ%DVHG 2[\JHQ
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ேᕤ㓟⣲㐠ᦙయࡢ㛤Ⓨࡢ୰ᚰࡣ  +%2&V ࡟⛣ࡾኚࢃࡗࡓࠋ+%2&Vࡢཎᩱ࡛࠶ࡿ⢭〇
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ࢀࡓ࣊ࣔࢢࣟࣅࣥᑠ⬊య  +E9HVLFOHV +E9 ࡣࠊ㉥⾑⌫⭷ࢆᶍೌࡋࡓ⬡㉁஧㔜⭷୰
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ಖᏑ࡟⪏࠼࠺ࡿ〇๣࡜ࡋ࡚ࡢྍ⬟ᛶࡀ in vitroࡢ◊✲࡛♧ࡉࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟ࠊ⢭
〇+Eࡣ㓟⣲࡜ᙉᅛ࡟⤖ྜࡋ࡚㓟⣲ศᅽࡢప࠸ᮎᲈ⤌⧊࡛㓟⣲ࢆᨺฟࡋ࡟ࡃ࠸≉ᛶࢆ
᭷ࡍࡿࡢ࡟ᑐࡋࠊ+E9ࡣࣔࢪ࣮ࣗࣞࢱ࡛࠶ࡿ3\ULGR[DO ƍSKRVSKDWH 3/3࡜+Eࡢࣔࣝ
ẚࢆ࣏ࣜࢯ࣮࣒ෆ࡛ኚ࠼ࡿࡇ࡜࡛㓟⣲ぶ࿴ᛶ  P ࢆ⮬⏤࡟ㄪᩚ࡛ࡁࡿࠋ౛࠼ࡤࠊ
3/3+E ࡢ࡜ࡁ࡟+Eࡣ㉥⾑⌫࡜ྠ⛬ᗘࡢPWRUUࢆ♧ࡍࡓࡵ㉥⾑⌫௦᭰≀࡜
ࡋ࡚ࡢ฼⏝ࡀᮇᚅࡉࢀࡿࡀ  7DEOH   ࠊ 3/3+E ࡢ࡜ࡁ +Eࡣ㓟⣲㧗ぶ࿴ᛶ 
P WRUUࢆ♧ࡋ  ࠊప㓟⣲⤌⧊࡬ࡢ㓟⣲ࡢࢱ࣮ࢤࢸ࢕ࣥࢢ࡜࠸ࡗࡓᛂ⏝౑⏝ࡶྍ

































































ࡢ㔜⠜࡞๪స⏝࡜ࡋ࡚㍺⾑㛵㐃ᛴᛶ⫵㞀ᐖ  75$/, ࡸ  ㍺⾑㛵㐃ᚠ⎔㈇Ⲵ  7$&2
➼ࢆច㉳ࡍࡿࡇ࡜ࡀᠱᛕࡉࢀࡿ  ࠋຍ࠼࡚ࠊ㉥⾑⌫ࡣಖᏑ୰࡟⁐⾑ࡸ㓟⣲㐠ᦙ⬟ࡢ
పୗࠊኚᙧ⬟ࡢపୗ➼ࡢᵓ㐀ⓗ࣭ᶵ⬟ⓗຎ໬ࡀ㐍⾜ࡍࡿ 6WRUDJH OHVLRQ ࢆ㉳ࡇࡍࡇ࡜
ࡀ▱ࡽࢀ࡚࠸ࡿ  ࠋࡇࡢࡓࡵࠊ㉥⾑⌫⃰ཌᾮ  35%&ࡢチᐜಖᏑᮇ㛫ࡣࠊྛᅜࡢ♫
఍஦᝟ࡸಖᏑᾮࡢ⤌ᡂ➼࡟ࡼࡾ␗࡞ࡿࡶࡢࡢࠊ᥇⾑ᚋ  ᪥࡜㠀ᖖ࡟▷࠸  ࠋࡉࡽ
࡟ࠊື≀ᐇ㦂࡟࠾࠸࡚ࠊಖᏑ 35%& ࡸࡑࡢ⾑₢ᡂศࡢᢞ୚࡟ࡼࡾ⫵㞀ᐖࢆច㉳ࡍࡿሗ
࿌ࡀ࠶ࡿࡇ࡜࠿ࡽࠊಖᏑࡋࡓ 35%& 〇๣ࡢᢞ୚ࡀ㍺⾑ᚋ๪స⏝ࡢ୍ᅉ࡟࡞ࡿྍ⬟ᛶࢆ
᏶඲࡟ࡣྰᐃ࡛ࡁ࡞࠸  ࠋ 
 +E9 〇๣ࡢ㛗ᮇಖᏑ᫬ࡢᏳᐃᛶヨ㦂࡜ࡋ࡚ࠊࠊࠊ& ࡟࠾ࡅࡿ✀ࠎࡢ≀⌮໬Ꮫ
ⓗࣃ࣓࣮ࣛࢱ  ⢏Ꮚᚄࡸ⬡㉁ࡢኚᛶࠊS+ኚ໬ࠊ+Eࡢ࣏ࣜࢯ࣮࣒ෆ┦࠿ࡽࡢ₃ฟᗘ➼
ࡀホ౯ࡉࢀ࡚࠾ࡾࠊᐊ ࣭ᾮయ᮲௳ୗ࡛ᑡ࡞ࡃ࡜ࡶ  ᖺ㛫௨ୖࡢಖᏑ࡟⪏࠼࠺ࡿࡇ࡜




ࢆ in vivo ࡟࠾࠸࡚ホ౯ࡋࡓ◊✲ࡣࡇࢀࡲ࡛࡟⾜ࢃࢀ࡚࠾ࡽࡎࠊࡇࢀࡽࡢホ౯㡯┠ࡣ
⮫ᗋᛂ⏝࡟㝿ࡋ࡚ᚲせ࡜ࡉࢀࡿᇶ♏ⓗࢹ࣮ࢱ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡑࡇ࡛ᮏ❶࡛ࡣࠊ㛗ᮇ࡟ಖᏑࡉࢀࡓ +E9 〇๣ࡀ᭷ᐖస⏝ࢆ♧ࡍࡇ࡜࡞ࡃ᪤Ꮡࡢ㉥
⾑⌫〇๣࡜ྠ➼ࡢ⸽⏕ຠᯝࢆ᭷ࡍࡿ࠿ࢆ in vivo ࡟࡚ホ౯ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋල
యⓗ࡟ࡣࠊ㉥⾑⌫㍺⾑ࡢᚲせ࡞⑓ែ࡛࠶ࡿฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚ࠊ
ᖺ㛫ಖᏑࡉࢀࡓ +E9ࢆᢞ୚ࡋࠊ⸽⏕ຠᯝ࡜୺せ⮚ჾ  ⫢⮚ࠊ⭈⮚ࠊ⫵࡟ᑐࡍࡿ㞀ᐖ
ᛶ࡟ࡘ࠸࡚ホ౯ࢆ⾜ࡗࡓࠋᐇ㦂⩌࡜ࡋ࡚㛗ᮇಖᏑ +E9 ᢞ୚⩌ࡢ࡯࠿ࠊ᪂㩭㉥⾑⌫ᢞ











1LFKROVRQ ࡽࡢሗ࿌  ࢆᇶ࡟స〇ࡉࢀࡓᮏᐇ㦂࡟࠾ࡅࡿฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ
ࡣࠊ඲⾑ᾮ㔞ࡢ P/NJࢆ⬺⾑ᚋࠊ ศ࡟ࢃࡓࡾᖹᆒື⬦ᅽࢆ PP+J ࡟
⥔ᣢࡍࡿࡓࡵ࡟㐺ᐅ⬺⾑ࢆ⧞ࡾ㏉ࡍ࡜࠸࠺㐣㓞࡞᮲௳ࢆタᐃࡋࡓࠋ⥆࠸࡚ࠊึᮇ⸽⏕
ฎ⨨࡜ࡋ࡚ࠊ⬺⾑ࡢ  ಸ㔞ࡢங㓟ࣜࣥࢤࣝࢆ  ศ㛫࠿ࡅ࡚ᢞ୚ᚋࠊ35%&ࠊ35%&
ࠊ࠶ࡿ࠸ࡣ +E9 ࢆ  ศ㛫࠿ࡅ࡚㍺⾑ࡋࡓ  )LJ ࠋࡑࡢ⤖ᯝࠊ⬺⾑ࢆ⾜ࡗࡓ඲ࣛ
ࢵࢺ୰ࠊࡑࡢ   ༉୰  ༉ࡀ㍺⾑᪋⾜๓࡟Ṛஸࡋࡓࠋࡲࡓࠊࣛࢵࢺ࠿ࡽࡢ⥲⬺
⾑㔞ཬࡧ㍺⾑᫬ࡢ +E ᢞ୚㔞ࡣ࠸ࡎࢀࡶ᭷ព࡞ᕪࡣ↓࠿ࡗࡓࡇ࡜࠿ࡽࠊ⩌㛫࡟ࡼࡿฟ














9DOXHVDUH WKHPHDQ6'Q HDFKJURXS5DWV WKDWGLHGGXULQJ WKHREVHUYDWLRQSHULRG
ZHUHH[FOXGHGIURPWKHQXPEHU





 ྛ⸽⏕ᾮ࡛㍺⾑⤊஢ᚋ  ᫬㛫ࡲ࡛ࡢ⏕Ꮡ⋡ࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ㍺⾑⤊஢  ᫬㛫
ᚋࡲ࡛ࡢほᐹ࡟࠾࠸࡚ࠊ⬺⾑࠾ࡼࡧ㍺⾑ฎ⨨ࢆ᪋ࡋ࡚࠸࡞࠸ VKDP ⩌࡛ࡣ඲౛ࡀ⏕Ꮡ
ࡋࠊ35%& ⩌࡟࠾ࡅࡿ⏕Ꮡ⋡ࡣ  ࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ35%& ⩌࡛ࡣ




)LJ  6XUYLYDO REVHUYDWLRQV PDGH DIWHU KHPRUUKDJLF VKRFN DQG UHVXVFLWDWLRQ ZLWK
35%&35%&RU+E9
6XUYLYDOUDWHVRIVKDPWUHDWHGUDWVQ KHPRUUKDJLFVKRFNUDWVUHVXVFLWDWHGZLWK35%&





 ฎ⨨๓࡛࠶ࡿ %DVHOLQHࡢ 0$3ࡣ඲⩌࡟࠾࠸࡚ PP+Jࢆ♧ࡋࡓ୍᪉ࠊ⬺⾑
┤ᚋ࡛ࡣⴭࡋ࠸పୗࢆ♧ࡋࠊ PP+J ࢆ኱ࡁࡃୗᅇࡗࡓࠋࡉࡽ࡟ࠊᬗ㉁ᾮ࡛࠶ࡿங
㓟ࣜࣥࢤࣝᢞ୚┤ᚋ  ㍺⾑┤๓ࡢ 0$3 ࡣ 35%&ࠊ35%&ࠊ+E9 ⩌࡛ࡑࢀࡒࢀ  
ࠊࠊPP+J ࡛࠶ࡾࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿึᮇ἞⒪࡜
ࡋ࡚ᐇ᪋ࡉࢀࡿᬗ㉁ᾮᢞ୚࡛ࡣ༑ศ࡞ 0$3 ࡢᅇ᚟ࡀぢࡽࢀ࡞࠿ࡗࡓࠋࡑࡢᚋࠊ㉥⾑
⌫ࡲࡓࡣ +E9 ࡛㍺⾑ࢆ⾜࠺ࡇ࡜࡛ 0$3 ࡣ %DVHOLQH ࡜ྠ➼ࡢࣞ࣋ࣝ࡟ᅇ᚟ࡋࡓ  )LJ
Dࠋࡋ࠿ࡋ࡞ࡀࡽ +E9 ⩌࡟࠾࠸࡚ࠊ%DVHOLQH ࡜ẚ㍑ࡍࡿ࡜⸽⏕  ᫬㛫ᚋࡢ 0$3 ࡟ࢃ
ࡎ࠿࡞పୗࡀほᐹࡉࢀࡓࠋ⬺⾑᫬࡟ⴭࡋࡃኚ໬ࡋࡓ 0$3 ࡜ࡣᑐ↷ⓗ࡟ࠊᚰᢿᩘ

















ࡓ⤖ᯝࠊື⬦⾑㓟⣲ศᅽ  3D2 ࡜ື⬦⾑஧㓟໬Ⅳ⣲ศᅽ  3D&2 ࡣࠊ⬺⾑ᚋ࡟᭷
ព࡞ኚ໬ࡀほᐹࡉࢀࠊࢩࣙࢵࢡ࡟క࠺࿧྾ᩘቑຍ࡟ࡼࡗ࡚㐣᥮Ẽࡀ⏕ࡌࡓࡶࡢ࡜⪃࠼
ࡽࢀࡓ  )LJ D Eࠋ⸽⏕ᚋࡢ 3D&2 ࡣ඲㍺⾑⩌࡛ %DVHOLQH ࡜ྠᵝࡢࣞ࣋ࣝ࡟ᅇ᚟ࡋ
ࡓࠋ୍᪉ࠊ⸽⏕ᚋࡢ 3D2࡟ࡘ࠸࡚ࡣ 35%& ࡜ +E9 ⩌࡛ࡣ %DVHOLQH ࡜ྠ➼ࣞ࣋ࣝࡲ
࡛ᅇ᚟ࡋࠊ⸽⏕ ᫬㛫ᚋࡲ࡛⥔ᣢࡉࢀࡓࡀࠊ⸽⏕ ᫬㛫ᚋ࡟࠾ࡅࡿ 35%&⩌ࡢ 3D2
ࡣࠊ35%& ⩌࡜ẚ㍑ࡍࡿ࡜᭷ព࡟పୗࡋࡓࡇ࡜࠿ࡽࠊ35%& ᢞ୚࡛ࡣ୍᫬ⓗ࡟⫵
࡛ࡢ⾑ᾮ㓟⣲໬ࡢ୙Ⰻࢆច㉳ࡍࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ 
 ࢩࣙࢵࢡ≧ែࢆ☜ㄆࡍࡿࡓࡵ࡟⾑୰ /DFWDWHཬࡧ *OXFRVH⃰ᗘࠊሷᇶ㐣๫  %(࡟ࡘ
࠸࡚ࡶศᯒࡋࡓ࡜ࡇࢁࠊ⬺⾑ᚋ࡟ⴭࡋ࠸ኚ໬ࡀぢࡽࢀࡓࡇ࡜࠿ࡽࠊᮏ⑓ែࣔࢹ࡛ࣝࡣ
⤌⧊℺ὶࡢపୗࡸ௦ㅰᛶ࢔ࢩࢻ࣮ࢩࢫࢆకࡗࡓࢩࣙࢵࢡ≧ែ࡛࠶ࡿ࡜ุ᩿ࡉࢀࡓ 
)LJ FHࠋࡇࢀࡽࡢ್࡟ࡘ࠸࡚ࡶࠊ⸽⏕ᚋ┤ࡕ࡟ %DVHOLQH ࡜ྠ➼ࡢ್࡟ᅇ᚟ࡋࠊ⸽
⏕  ᫬㛫ᚋࡲ࡛⥔ᣢࡋ࡚࠸ࡓࡇ࡜࠿ࡽࠊࢩࣙࢵࢡ≧ែ࠿ࡽᅇ᚟ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉ
ࢀࡓࠋ 
 ࡲࡓࠊ⾑ᾮ୰࡟༨ࡵࡿ⾑⌫ᡂศࡢయ✚๭ྜࢆ♧ࡍ࣐࣊ࢺࢡࣜࢵࢺ  +FW ࢆ ᐃࡋ
ࡓ࡜ࡇࢁࠊ඲㍺⾑⩌࡛⬺⾑ᚋ࡟᭷ព࡞పୗࡀほᐹࡉࢀࠊయෆ࠿ࡽࡢ㉥⾑⌫ࡢᾘኻࡀ☜
ㄆࡉࢀࡓ  )LJ Iࠋ⸽⏕ᚋࡢ +FW ࡣ඲㍺⾑⩌࡟࠾࠸࡚ %DVHOLQH ࡜ẚ㍑ࡍࡿ࡜పୗࡋࡓ
ࡀࠊ୰࡛ࡶ +E9 ⩌࡛ࡣ⸽⏕ᚋ࡟ⴭࡋ࠸పୗࡀ㉳ࡇࡗࡓࠋࡇࡢཎᅉ࡜ࡋ࡚ࠊ+E9 ࡣ⾑
ᾮ୰࡛ࡣ୺࡟⾑₢ศ⏬࡟ศᕸࡋ࡚࠸ࡿࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋࡍ࡞ࢃࡕࠊ+E9 ࡢ
య✚ࡣ +FW ࡟ࡣ཯ᫎࡉࢀ࡞࠸ࡓࡵ⾑⌫ศ⏬ࡀ┦ᑐⓗ࡟ῶᑡࡋࡓ⤖ᯝࠊ+FW ࡢపୗࢆᘬ
ࡁ㉳ࡇࡍࡶࡢ࡜⪃࠼ࡽࢀࡓࠋຍ࠼࡚⯆࿡῝࠸ࡇ࡜࡟ࠊ⸽⏕  ᫬㛫ᚋࡢ +FW ࡣࠊ35%&
⩌࡟࠾࠸࡚ 35%&⩌࡜ẚ㍑ࡋ࡚᭷ព࡟పୗࡋࡓࠋࡇࢀࡣࠊ⏕యෆࡢ⪁໬㉥⾑⌫ࡣ






)LJ  &KDQJHV LQ DUWHULDO EORRG JDV SDUDPHWHUV DQG KHPDWRFULW GXULQJ DQG DIWHU
UHVXVFLWDWLRQZLWK35%&35%&RU+E9
DDUWHULDOEORRGR[\JHQ WHQVLRQ 3D2 EDUWHULDOEORRGFDUERQGLR[LGH WHQVLRQ 3D&2
F ODFWDWH G JOXFRVH H EDVH H[FHVV %( DQG I KHPDWRFULW +FW GXULQJ DQG DIWHU
KHPRUUKDJLFVKRFNDQGUHVXVFLWDWLRQZLWK35%&35%&RU+E9IRUKRXUV9DOXHVDUH
PHDQV6'Q HDFKJURXSpDQGpYVEDVHOLQHpYV35%&



























 ⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ࢔ࢫࣃࣛࢠࣥ㓟࢔࣑ࣀᇶ㌿⛣㓝⣲  $67࠾ࡼࡧ࢔ࣛࢽࣥ࢔
࣑ࣀᇶ㌿⛣㓝⣲  $/7ࡢ⾑୰άᛶࢆࡑࢀࡒࢀ ᐃࡋࡓ⤖ᯝࠊ㍺⾑⩌඲࡚࡟࠾࠸࡚ฟ
⾑ᛶࢩࣙࢵࢡច㉳๓࡜ẚ㍑ࡍࡿ࡜⸽⏕  ᫬㛫ᚋ࡟ⴭࡋ࠸ቑຍࡀぢࡽࢀࡓࡶࡢࡢࠊ ⩌
㛫࡛᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ  )LJDEࠋࡑࡇ࡛ࠊ⫢⮚ࡢ⤌⧊⑓⌮Ꮫⓗ࡞ホ౯ࢆ
⾜࠺࡭ࡃࠊ⸽⏕  ᫬㛫ᚋࡢ⫢⮚ࢆ࣐࣊ࢺ࢟ࢩ࣭࢚ࣜࣥ࢜ࢩࣥ  +(ᰁⰍࢆ⾜࠸ࠊࡑࡢ
ᰁⰍീࢆほᐹࡋࡓࠋࡑࡢ⤖ᯝࠊ࡝ࡢ㍺⾑⩌࡟ࡶ⃭ࡋ࠸㞀ᐖࢆ♧ࡍᡤぢࡣぢࡽࢀ࡞࠿ࡗ
















 ⾑ᾮᒀ⣲❅⣲  %81 ࡸ⾑Ύࢡࣞ࢔ࢳࢽࣥ  &5( ࡣ⭈ᶵ⬟࣐࣮࣮࢝࡜ࡋ࡚▱ࡽࢀ
࡚࠸ࡿࡓࡵࠊฟ⾑ᛶࢩࣙࢵࢡ๓࠾ࡼࡧ⸽⏕  ᫬㛫ᚋࡢ %81 ࡜ &5( ࢆࡑࢀࡒࢀホ౯ࡋ
ࡓࠋࡑࡢ⤖ᯝࠊ࠸ࡎࢀࡢ㡯┠ࡶࢃࡎ࠿࡞ኚ໬ࡣぢࡽࢀࡿࡶࡢࡢࠊṇᖖ್ࡢ⠊ᅖෆࢆ᥎








D %ORRG XUHD QLWURJHQ %81 DQG E VHUXP FUHDWLQLQH &5( FRQFHQWUDWLRQV EHIRUH
KHPRUUKDJH DQG DW  KRXU DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9 9DOXHV DUH
PHDQV6'Q HDFKJURXSpYVEHIRUHKHPRUUKDJHF+LVWRSDWKRORJ\RINLGQH\






㔞㍺⾑ࡣᛴᛶ⫵㞀ᐖ  $/,ࡸᛴᛶ࿧྾❓㏕⑕ೃ⩌  $5'6 ࡢࣜࢫࢡᅉᏊ࡜ࡋ࡚▱ࡽ


ࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟ࠊ㍺⾑ᚋࡢ㔜⠜࡞๪స⏝࡜ࡋ࡚▱ࡽࢀ࡚࠸ࡿ 75$/, ࡣࠊ୍⯡࡟
㍺⾑  ᫬㛫௨ෆࡢ᪩ᮇ࡟Ⓨ⑕ࡍࡿࡇ࡜ࢆ≉ᚩ࡜ࡍࡿ  ࠋࡑࡇ࡛ࠊྛ⸽⏕ᾮࡢ⫵࡬ࡢ
ᙳ㡪࡟ࡘ࠸࡚ホ౯ࡍࡿࡓࡵ࡟ࠊ⸽⏕ ᫬㛫ᚋ࡟࠾ࡅࡿẼ⟶ᨭ⫵⬊Ὑίᾮ  %$/)୰࡬
ࡢ࢚ࣂࣥࢫࣈ࣮ࣝⰍ⣲  (%'₃ฟᗘཬࡧ %$/) ୰ࢱࣥࣃࢡ㔞࡟ࡘ࠸࡚ホ౯ࡋࡓࠋࡑ
ࡢ⤖ᯝࠊ࠸ࡎࢀࡢ್ࡶࠊ35%&⩌࡜ẚ࡭࡚ 35%&⩌࡛ࡣ᭷ព࡟ቑຍࡋࡓ  )LJD
Eࠋࡑࡢ୍᪉࡛ࠊ+E9 ⩌࡟࠾࠸࡚ࡣ (%' ₃ฟᗘཬࡧ %$/) ୰ࢱࣥࣃࢡ㔞ࡢቑຍࡣぢ
ࡽࢀࡎࠊ35%& ⩌࡜ྠ⛬ᗘࡢ್ࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ⫵Ỉ⭘ࢆホ౯ࡍࡿᣦᶆ࡜ࡋ࡚ࠊ
᥇ྲྀࡋࡓᕥ⫵ࡢ :HW'U\㔜㔞ẚࢆ⟬ฟࡋࡓ࡜ࡇࢁࠊ35%&⩌࡟࠾࠸࡚ࡣ௚ࡢ⩌ࡼࡾ
ࡶ㔜㔞ẚࡀ㧗್ࢆ♧ࡋࡓࠋࡇࡢ⤖ᯝ࡜ࡣᑐ↷ⓗ࡟ࠊ+E9 ⩌ࡣ VKDP ⩌ࡸ 35%& ⩌࡜
ྠ➼ࡢ㔜㔞ẚ࡛࠶ࡗࡓ  )LJFࠋ 


)LJ  (YDOXDWLRQ RI SXOPRQDU\ HGHPD
DIWHU KHPRUUKDJLF VKRFN DQG UHVXVFLWDWLRQ
ZLWK 35%& 35%& RU +E9 D
3HUFHQWDJHRI(YDQV%OXH(%'OHDNDJHLQWR
EURQFKRDOYHRODU ODYDJH IOXLG %$/) E
SURWHLQ FRQFHQWUDWLRQ LQ %$/) DQG F OXQJ
ZHWGU\ ZHLJKW UDWLR DW  KRXUV DIWHU
UHVXVFLWDWLRQZLWK35%&35%&RU+E9




 ࡉࡽ࡟ࠊ⸽⏕  ᫬㛫ᚋࡢ⫵⤌⧊ࡢ +( ᰁⰍࢆ⾜࠸ࠊࡑࡢᰁⰍീࢆほᐹࡋࡓ࡜ࡇࢁࠊ
35%&⩌࡛ࡣ㍍ᗘࡢ⤌⧊㞀ᐖࢆ♧ࡋࡓࡀࠊ35%&࠾ࡼࡧ +E9⩌࡛ࡣ㞀ᐖീࡣほᐹ
ࡉࢀ࡞࠿ࡗࡓ  )LJ DࠋࡇࡢᡤぢࡣࠊᰁⰍീࡢ⤌⧊⑓⌮Ꮫⓗ࡞㞀ᐖ㔜⑕ᗘࡢࢫࢥ࢔











D +LVWRSDWKRORJ\ RI OXQJ DW  KRXUV DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9
7LVVXHVHFWLRQVZHUHVWDLQHGZLWKKHPDWR[\OLQDQGHRVLQ6FDOHEDU PE&KDQJHVLQ
OXQJ KLVWRSDWKRORJ\ VFRUH DW  KRXUV DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9
5DQGRPO\ VHOHFWHG WKLUW\DUHDVRI OXQJ VHFWLRQVZHUHJUDGHGRQD VFDOHRI±DFFRUGLQJ WR
IRXUSDUDPHWHUVFRQJHVWLRQHGHPDKHPRUUKDJHDQGLQIODPPDWLRQFHOOXODULQILOWUDWLRQDQG














㓝⣲࡛࠶ࡿ࣑࢚ࣟ࣌ࣝ࢜࢟ࢩࢲ࣮ࢮ  032 ࡢ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ
35%& ⩌࡟࠾࠸࡚ࡣ௚⩌࡜ẚ㍑ࡋ࡚ 032 ࡟⏤᮶ࡍࡿᙉ࠸⺯ගࡀほᐹࡉࢀࡓ  )LJ
D Fࠋ୍᪉ࠊ+E9 ⩌࡟࠾࠸࡚ࡣࠊVKDP ⩌࡜ẚ㍑ࡍࡿ࡜ⱝᖸࡢ 032 ࡢ⵳✚ࡀぢࡽࢀ
ࡓࡶࡢࡢࠊࡑࡢ⛬ᗘࡣ 35%& ⩌࡜㢮ఝࡋ࡚࠸ࡓ  )LJDFࠋ 
 ዲ୰⌫ࡢάᛶ໬࡟క࠺⤌⧊㞀ᐖᅉᏊࡢ  ࡘ࡜ࡋ࡚ࠊ୍㔜㡯㓟⣲ࡸḟளሷ⣲㓟࢖࢜ࣥ
➼ࡢάᛶ㓟⣲✀  526ࡢ㛵୚ࡀ▱ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊࢾࢡࣞ࢜ࢳࢻ࡟ᑐࡍࡿ㓟໬
ࢫࢺࣞࢫ࣐࣮࣮࢝࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿ K\GUR[\ƍGHR[\JXDQRVLQH 2+G*ࡢ⺯
ගච␿ᰁⰍࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ032 ࡢ⤖ᯝ࡜ᑐᛂࡍࡿࡼ࠺࡟ 35%& ⩌࡟࠾࠸࡚
ࡣ௚⩌࡜ẚ㍑ࡋ࡚ 2+G* ࡟⏤᮶ࡍࡿᙉ࠸⺯ගࢆ♧ࡋࡓࡶࡢࡢࠊ35%& ⩌࠾ࡼࡧ











,PPXQRVWDLQLQJ RI D P\HORSHUR[LGDVH 032 XSSHU QXFOHL '$3, PLGGOH DQG PHUJHG
LPDJHV ORZHU IRU HYDOXDWLRQ RI QHXWURSKLOV DFFXPXODWLRQ DQG E K\GUR[\ƍ
GHR[\JXDQRVLQH 2+G* VWDLQLQJ IRU HYDOXDWLRQ RI R[LGDWLYH VWUHVV RI QXFOHLF DFLG LQ WKH

















࠸ࡿࠋேᕤ㓟⣲㐠ᦙయ࡜ࡋ࡚◊✲㛤Ⓨࡀ㐍ࡵࡽࢀ࡚࠸ࡿ +E9 ࡟࠾࠸࡚ࡣࠊ in vitro Ᏻ
ᐃᛶヨ㦂ࡢ⤖ᯝ࠿ࡽࠊᐊ ࣭ᾮయ᮲௳ୗ࡛ᑡ࡞ࡃ࡜ࡶ  ᖺ㛫௨ୖࡢಖᏑ࡟⪏࠼࠺ࡿྍ
⬟ᛶࡀ♧ࡉࢀ࡚࠾ࡾࠊ㛗ᮇಖᏑྍ⬟࡞ேᕤ㉥⾑⌫࡜ࡋ࡚⮫ᗋᛂ⏝ࡀᮇᚅࡉࢀࡿࠋࡋ࠿
ࡋ࡞ࡀࡽࠊ⣙ ୓ಶࡢ +E࡜ඹ࡟ᵝࠎ࡞⿵ᅉᏊࢆ࣏ࣜࢯ࣮࣒࡟ෆໟࡋࡓ +E9ࡣ〇๣ⓗ
࡟」㞧࡞ᙧែ࡛࠶ࡾࠊࡑࡢ≀⌮໬ᏛⓗᏳᐃᛶࡢ⤖ᯝ࠿ࡽ㓟⣲㐠ᦙయ࡜ࡋ࡚ࡢᶵ⬟ࢆຊ








ᙳ㡪ࢆཬࡰࡍ࡜ሗ࿌ࡀ࠶ࡿ  ࠋࡑࡇ࡛ࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ㛗ᮇಖᏑ㉥⾑⌫ᢞ୚᫬
࡟᝿ᐃࡉࢀࡿ᭷ᐖ஦㇟ࢆᘬࡁ㉳ࡇࡍ࠿ྰ࠿ࢆホ౯ࡍࡿࡓࡵ࡟ࠊ㐣ᗘࡢಖᏑ࡟ࡼࡾရ㉁
ᛶࡀᦆ࡞ࢃࢀࡓ㉥⾑⌫࡜ࡋ࡚  ᪥ಖᏑ 35%& ᢞ୚ࢆ⾜࠺⩌ࢆタᐃࡋࡓࠋࣛࢵࢺ㉥⾑
⌫ࡣࣄࢺ㉥⾑⌫࡜ẚ㍑ࡍࡿ࡜ᵓ㐀࣭ᶵ⬟ⓗᑑ࿨ࡀ▷ࡃࠊࣛࢵࢺ㉥⾑⌫ࡢ  ᪥ಖᏑࡣࣄ
ࢺ㉥⾑⌫ࡢ  ᪥ಖᏑ࡜ྠ⛬ᗘࡢຎ໬ࢆ♧ࡍࡇ࡜ࡀ♧ࡉࢀ࡚࠾ࡾ  ࠊᮏᐇ㦂࡛⏝࠸ࡓ
35%& ࡣ㐣๫࡞ຎ໬ࡀ㐍⾜ࡋ࡚࠸ࡿ㉥⾑⌫〇๣࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ᮏᐇ㦂ࢆᐇ᪋ࡍࡿ࡟࠶ࡓࡾࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࡢጇᙜᛶࡣ◊✲ࡢ᰿ᖿࢆᢸ࠺ࠋ
௒ᅇࠊࣛࢵࢺ࠿ࡽ඲⾑ᾮ㔞ࡢ ࢆ⬺⾑ࡋࡓ࡜ࡇࢁࠊ0$3 ࡣ PP+J ௨ୗ࡟పୗࡋ


ࡓ࡯࠿  )LJDࠊ⾑୰ /DFWDWH ࡢⴭࡋ࠸ቑຍࡸࠊ%( ࡢ㈇࡬ࡢ೫ࡾ➼ࡢ⾑ᾮ࢞ࢫࣃ࣓ࣛ
࣮ࢱࡢኚ໬ࡀ㉳ࡇࡗࡓ  )LJ DHࠋࡇࢀࡽࡢ್ࡣ௦ㅰᛶ࢔ࢩࢻ࣮ࢩࢫࢆక࠺ࢩࣙࢵࢡ
≧ែࢆ♧ࡍࡶࡢ࡛࠶ࡾࠊᮏᐇ㦂ࣔࢹࣝࡣฟ⾑ᛶࢩࣙࢵࢡ⑓ែࢆ㐺ษ࡟෌⌧ࡋ࡚࠸ࡿ࡜
⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊࡇࡢฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚㛗ᮇಖᏑ +E9 ࢆ㍺
⾑ࡋࠊࡑࡢ᭷ຠᛶ  ⸽⏕ຠᯝ  ࢆホ౯ࡋࡓ࡜ࡇࢁࠊࢩࣙࢵࢡ࡟కࡗ࡚ኚ໬ࡋࡓ 0$3
ࡸ⾑ᾮ࢞ࢫࣃ࣓࣮ࣛࢱࡣᢞ୚⤊஢ᚋ㏿ࡸ࠿࡟⬺⾑๓ࡢ್ࡲ࡛ᅇ᚟ࡋࡓ  )LJDࠋࡇࡢ
⤖ᯝࡣ᪂㩭㉥⾑⌫࡟ࡼࡿ⸽⏕᫬࡜ྠᵝࡢഴྥࢆ♧ࡋࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊ+E9 ࡟ࡼࡿ
⸽⏕  ᫬㛫ᚋࡢ 0$3 ࡟ⱝᖸࡢపୗࡀほᐹࡉࢀࡓ  )LJ Dࠋࡇࡢཎᅉࡢヲ⣽ࡣ୙࡛᫂
࠶ࡿࡀࠊ+E9 ࡣᢞ୚ᚋ࡟⭁⮚࣐ࢡࣟࣇ࢓࣮ࢪࡸ⫢⮚ࢡࢵࣃ࣮⣽⬊➼ࡢ⣽⥙ෆ⓶⣔⣽
⬊࡟ᚎࠎ࡟ᤕᤊࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊᮏᐇ㦂࡟࠾࠸࡚ࡶᢞ୚ࡉ
ࢀࡓ +E9 ࡀ⣽⥙ෆ⓶⣔⣽⬊࡟࡚㈎㣗ࡉࢀࠊ⾑୰ࢆᚠ⎔ࡍࡿ +E9 ࡀῶᑡࡋࡓࡇ࡜ࡀ୍
ᅉ࡛ࡣ࡞࠸࠿࡜᥎ᐹࡉࢀࡿࠋࡇࡢ୍᪉࡛ࠊ⾑ᾮ࢞ࢫࣃ࣓࣮ࣛࢱࡣ +E9 ᢞ୚  ᫬㛫ᚋ
ࡲ࡛ṇᖖ್ࢆ⥔ᣢࡋ࡚࠸ࡓⅬ  )LJDHࠊ⏕Ꮡ⋡ࡣ㍺⾑ ⩌㛫࡛᭱ࡶ㧗࠿ࡗࡓⅬ  )LJ
ࠊ୺せ⮚ჾ࡬ࡢ +,)DⓎ⌧㔞ࡀࢃࡎ࠿࡛࠶ࡗࡓⅬ  )LJ ࢆ⥲ྜⓗ࡟⪃៖ࡍࡿ࡜ࠊ
㛗ᮇಖᏑ +E9 ࡣ᪂㩭㉥⾑⌫࡜ྠ➼ࡢ⸽⏕ຠᯝࢆ᭷ࡍࡿ㉥⾑⌫௦᭰≀࡛࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋ 
 ḟ࡟ࠊ㛗ᮇಖᏑ +E9 ࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⭈⮚ࠊ⫢⮚ࠊ⫵ࡢ㞀ᐖᗘࢆほᐹࡍࡿࡇ
࡜࡛ࠊࡑࡢᏳ඲ᛶࢆホ౯ࡋࡓࠋ⭈⮚࡟࠾࠸࡚ࡣ⸽⏕๓ᚋ࡛≉➹ࡍ࡭ࡁኚ໬ࡣ㉳ࡇࡽ࡞











࡚⫢⮚୰ +,)DࡢⓎ⌧ࡀ㠀ᖖ࡟ᑡ࡞࠿ࡗࡓࡇ࡜ࡶࡇࢀࢆᨭᣢࡋ࡚࠸ࡿ  )LJ ࠋࡇࡢ
ࡼ࠺࡟ࠊ㛗ᮇಖᏑ +E9㍺⾑࡟ࡼࡾ $67ࡸ $/7ࡢୖ᪼ࡀほᐹࡉࢀࡓࡶࡢࡢࠊ⫢⮚ࡢ⤌








ࡓ⤖ᯝࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑᫬࡟⫵Ỉ⭘ࢆక࠺⫵㞀ᐖࡀほᐹࡉࢀࡓ  )LJ  ࠋ
$5'6 ࡸ $/, ࡜࠸ࡗࡓᛴᛶ࡟Ⓨ⑕ࡍࡿ⫵㞀ᐖࡣࠊࡑࡢ⑓ែᙧᡂ࡟ዲ୰⌫࡜㓟໬㞀ᐖࡢ
㛵୚ࡀ♧၀ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊ⫵࡟ᑐࡍࡿዲ୰⌫㞟✚ᛶ࡜㓟໬㞀ᐖࢆࡇࢀࡽ
ࡢ௦⾲ⓗ࡞࣐࣮࣮࡛࢝࠶ࡿ 032 ཬࡧ 2+G* ࡢ⺯ගච␿ᰁⰍ࡟᳨࡚ウࡋࡓࠋࡑࡢ⤖









࠸ࡎࢀࡶపࡃࠊ᪂㩭㉥⾑⌫㍺⾑᫬࡜ྠ⛬ᗘ࡛࠶ࡗࡓ  )LJ ࠋࡇࢀࡣࠊ+E9 ࡀ㛗ᮇ
ಖᏑࡉࢀࡓሙྜ࡟࠾࠸࡚ࡶ〇๣ഃࡢᵝࠎ࡞༴㝤ᅉᏊࢆ⏘⏕ࡋ࡞࠸ࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ᪤Ꮡࡢ㉥⾑⌫〇๣ࡸ▷ᮇಖᏑ +E9 〇๣ 
࡜ྠᵝ࡟ࠊ⫵㞀ᐖࣜࢫࢡࡢ㧗࠸⑓ែୗ࡟࠾࠸࡚ࡶᏳ඲࡟฼⏝࡛ࡁࡿ㉥⾑⌫௦᭰
≀࡛࠶ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 











 ᮏ❶࡛ࡣࠊ㛗ᮇಖᏑ +E9 〇๣ࡢ in vivo ࡟࠾ࡅࡿ᭷ຠᛶ࡜Ᏻ඲ᛶࢆホ౯ࡍࡿࡓࡵ࡟ࠊ






࡟ᅇ᚟ࡋࠊ⸽⏕  ᫬㛫ᚋࡲ࡛㧗࠸⏕Ꮡ⋡ࢆ⥔ᣢࡋࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࢆ㛗ᮇಖᏑ +E9 ࡟ࡼࡾ⸽⏕ࡋࠊ ᫬㛫ᚋࡢ⫢ᶵ⬟ࢆ





 㛗ᮇಖᏑ +E9 ཬࡧ㉥⾑⌫࡟ࡼࡗ࡚ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࢆ⸽⏕ࡋࠊࡑࡢ 
᫬㛫ᚋ࡟⭈ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ &5( ࡜ %81 ࢆศᯒࡋࡓ⤖ᯝࠊ࠸ࡎࢀࡢ⩌࡟࠾࠸
࡚ࡶṇᖖ್ࢆ♧ࡋࠊ⭈⤌⧊ࡢ⑓⌮Ꮫⓗᡤぢ࡟࠾࠸࡚ࡶ␗ᖖࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࠋ 







































࡚࠾ࡾࠊ⸆≀௦ㅰ཯ᛂࡢ୰ᚰⓗ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ  ࠋ஦ᐇࠊࣄࢺ &<3 ࡢ୺࡞ᇶ㉁
࡟ࡣࠊ㯞㓉⸆ࡸᢠ୙ᩚ⬦⸆ࠊࢫࢸࣟ࢖ࢻ࣍ࣝࣔࣥ➼ࡀከᩘሗ࿌ࡉࢀ࡚࠾ࡾࠊࡇࢀࡽࡣ
+E9 ࡢ౑⏝ࡀண᝿ࡉࢀࡿᩆ࿨⸽⏕᫬ࡸᡭ⾡᫬➼࡟㢖⏝ࡉࢀࡿ་⸆ရ࡛ࡶ࠶ࡿ  7DEOH
ࠋ 





1DUFRWLF 3URSRIRO%&   .HWDPLQH%$&0LGD]RODP$
$QWLDUUK\WKPLF /LGRFDLQH$$%   9HUDSDPLO$&
$QDOJHVLF 0RUSKLQH$&   &RGHLQH'
$QWLVHL]XUH 'LD]HSDP$&   3KHQ\WRLQ&&
6WHURLG 'H[DPHWKDVRQH$   &RUWLVRO$


➨⠇ &<3 ࢱࣥࣃࢡ㉁࠾ࡼࡧ㑇ఏᏊⓎ⌧㔞ホ౯ 

 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿ⫢ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ⥙⨶ⓗホ౯ 





ᮏ❶࡛ࡣࠊ⥙⨶ⓗᐃ㔞ࣉࣟࢸ࣑࢜ࢡࢫ 6:$7+ ἲࢆ⏝࠸ࡓゎᯒࢆᐇ᪋ࡋࡓ  ࠋ೺ᖖ
ࣛࢵࢺ࡟᪂㩭㉥⾑⌫  35%&ࠊ ᪥ಖᏑ㉥⾑⌫  35%&ࠊ+E9ࠊ6DOLQH ࡢ࠸ࡎࢀ࠿
ࢆ  PJ +ENJ  P/NJ࡛ᢞ୚ࡍࡿ  ⩌ࢆタᐃࡋࠊᢞ୚  ᫬㛫ᚋ࡟⫢⮚ࢆᅇ཰
ࡋࡓࠋᢳฟࡋࡓ⫢࣑ࢡࣟࢯ࣮࣒ࢆࢺࣜࣉࢩࣥฎ⌮ᚋࠊᚓࡽࢀࡓ࣌ࣉࢳࢻࢧࣥࣉࣝࢆᾮ
యࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮²ࢱࣥࢹ࣒㉁㔞ศᯒ  /&0606࡟ࡼࡾ ᐃࡋ 6:$7+ ゎᯒ





 6:$7+ ゎᯒࡢ⤖ᯝࠊ ࢆ㉸࠼ࡿࢱࣥࣃࢡ㉁ࢆ᳨ฟࡋࠊ ࡢ &<3 ศᏊ✀ࢆ᳨ฟ
࡛ࡁࡓࠋࡉࡽ࡟ࠊ6DOLQH ᢞ୚⩌࡜ẚ㍑ࡋࡓྛᢞ୚⩌ࡢ┦ᑐẚ㍑ࢆ⾜࠸ࠊࢫࢡ࣮ࣜࢽࣥ
ࢢ࡜ࡋ࡚Ⓨ⌧㔞ࡀ ಸ௨ୖࡢቑῶࢆ♧ࡋࡓศᏊ✀ࢆᢳฟࡋࡓࠋࡑࡢ⤖ᯝࠊ&<3'ࡢ
Ⓨ⌧㔞ࡀ 35%& ⩌࡛  ಸࢆ♧ࡋࡓ࡯࠿ࠊ&<3 & ࡢⓎ⌧㔞ࡀ 35%& ⩌࡛ 
ಸࠊ+E9 ⩌࡛  ಸࢆ♧ࡋࡓ  7DEOH ࠋࡑࡇ࡛ࠊࡇࢀࡽ  ࡘࡢศᏊ✀࡟ࡘ࠸࡚ಶయ


ูࡢᐃ㔞್ࢆヲ⣽࡟᳨ウࡋࡓ࡜ࡇࢁࠊ&<3 ' ࡟ࡘ࠸࡚ࡣࠊ35%&ࠊ35%& ཬࡧ
6DOLQH ⩌࡟࠾࠸࡚ࠊྠ⩌ࡢಶయ㛫࡛  ಸ௨ୖࡢⓎ⌧ࡢᕪࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ&<3








 35%&6DOLQH 35%&6DOLQH +E96DOLQH
&<3$   
&<3$   
&<3$   
&<3%   
&<3&   
&<3&   
&<3&   
&<3&   
&<3'   
&<3'   
&<3'   
&<3'   
&<3(   
&<3$   
&<3$   





 ⫢ &<3 ୺せศᏊ✀ࡢࢱࣥࣃࢡ㉁Ⓨ⌧㔞 

 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿࢫࢡ࣮ࣜࢽࣥࢢࡢ⤖ᯝࡼࡾࠊ+E9 ᢞ୚ࡀ &<3 ࢱࣥࣃࢡ㉁
Ⓨ⌧࡟୚࠼ࡿᙳ㡪ࡣᑠࡉ࠸ྍ⬟ᛶࡀ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡾᢳฟ




GHK\GURJHQDVH*$3'+ࢆ⏝࠸࡚ࠊᚓࡽࢀࡓ EORW ࢹ࣮ࢱ࠿ࡽ 6DOLQH ⩌࡟ᑐࡍࡿྛᢞ୚
⩌ࡢ &<3 ศᏊ✀ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ┦ᑐẚ㍑ࡋࡓ࡜ࡇࢁࠊᢞ୚⩌㛫࡛᭷ព࡞ᕪࡣほ














 ⫢ &<3 ୺せศᏊ✀ࡢ P51$ Ⓨ⌧㔞 

 )LJ  ࡢ⤖ᯝ࠿ࡽࠊᑡ࡞ࡃ࡜ࡶ +E9 ᢞ୚  ᫬㛫ᚋ࡟࠾࠸࡚ࡣ &<3 ࡢࢱࣥࣃࢡ㉁
Ⓨ⌧࡟୚࠼ࡿᙳ㡪ࡀᑠࡉ࠸࡜⪃࠼ࡽࢀࡓࠋࡑࡇ࡛ࠊ+E9 ᢞ୚ࡀ &<3 㑇ఏᏊࡢ㌿෗࡟
୚࠼ࡿᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ35%&35%&+E96DOLQHᢞ୚  ᫬㛫ᚋࡢ⫢⮚࡟࠾
ࡅࡿ &<3 ศᏊ✀ู P51$ Ⓨ⌧㔞ࢆᐃ㔞ⓗ 573&5 57T3&5ἲ࡟ࡼࡾ ᐃࡋࠊ
6DOLQH⩌࡟ᑐࡍࡿ┦ᑐᐃ㔞ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ35%&࠾ࡼࡧ 35%&⩌࡛ࡣ ศᏊ
✀඲࡚࡛᭷ព࡞ኚ໬ࡣほᐹࡉࢀ࡞࠿ࡗࡓ  )LJ ࠋࡑࡢ୍᪉࡛ࠊ⯆࿡῝࠸ࡇ࡜࡟ࠊ
+E9 ⩌࡟࠾࠸࡚ࡣ  ศᏊ✀඲࡚࡛᭷ព࡞ P51$ Ⓨ⌧㔞ࡢῶᑡࡀㄆࡵࡽࢀࡓࠋࡍ࡞ࢃ











➨⠇ &<3 ௦ㅰᇶ㉁ࡢయෆືែゎᯒ 

 +E9 ࡢᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟ᙳ㡪ࢆཬࡰࡍ࠿ྰ࠿ࢆ in vivo ᳨࡛ウࡍ
࡭ࡃࠊ೺ᖖࣛࢵࢺ࡟ 35%& 35%& +E9 6DOLQHࢆᢞ୚ࡋࡓ  ᫬㛫ᚋ࡟ &<3 ྛศ
Ꮚ✀≉␗ⓗ࡟௦ㅰࡉࢀࡿ⸆≀ࢆΰྜࡋࡓ &<3 FRFNWDLO &<3 $ FDIIHLQH &<3 &
WROEXWDPLGH&<3(FKORU]R[D]RQH&<3$PLGD]RODPࢆᢞ୚ࡋࠊ⾑₢୰⸆≀⃰ᗘ




5DWV ZHUH DGPLQLVWHUHG ZLWK 35%& 35%& +E9 RU 6DOLQH $IWHU  KRXUV UDW DOVR
LQMHFWHGZLWK&<3FRFNWDLOFRQVLVWHGRIFDIIHLQHWROEXWDPLGHFKORU]R[D]RQHDQGPLGD]RODP
DV VXEVWUDWHV VSHFLILFDOO\PHWDEROL]HGZLWK&<3 $&<3 &&<3 ( DQG&<3$
UHVSHFWLYHO\ )UHTXHQW EORRG VDPSOLQJ ZDV SHUIRUPHG DQG WKHQ SODVPD VDPSOHV ZHUH
GHWHUPLQHGE\+3/&3KDUPDFRNLQHWLFSDUDPHWHUVZHUHHVWLPDWHGXVLQJPRPHQWDQDO\VLV

 ࡑࡢ⤖ᯝࠊ35%& ཬࡧ 35%& ⩌ࡣࡍ࡭࡚ࡢ⸆≀࡟࠾࠸࡚ 6DOLQH ⩌࡜ྠᵝࡢ⾑₢
୰⃰ᗘ᥎⛣ࢆ♧ࡋࡓࠋ୍᪉ࠊ+E9 ⩌ࡢ⾑₢୰⸆≀⃰ᗘࡣ௚ࡢᢞ୚⩌࡜ẚ㍑ࡋ࡚㧗ࡃ
࡞ࡿഴྥࡀほᐹࡉࢀࡓ  )LJ ࠋࡓࡔࡋࠊࡑࡢ⛬ᗘࡣ⸆≀࡟ࡼࡗ࡚␗࡞ࡗ࡚࠾ࡾࠊ
౛࠼ࡤ FDIIHLQH ᢞ୚  ᫬㛫ᚋࡢ⾑₢୰⃰ᗘࡣ 6DOLQH ⩌࡛ JP/ ࡛࠶ࡗࡓࡢᑐ
ࡋ࡚ +E9⩌࡛ࡣ JP/࡜⣙ ಸ㧗್ࢆ♧ࡋࡓ  )LJDࠋࡲࡓࠊ WROEXWDPLGH
ࡢሙྜࠊᢞ୚  ᫬㛫ᚋࡢ⾑₢୰⃰ᗘࡣ 6DOLQH ⩌࡛    JP/ ࡛࠶ࡗࡓࡢᑐࡋ࡚
+E9 ⩌࡛ࡣ JP/ ࡜  ಸ⛬ᗘ࡛࠶ࡗࡓ  )LJEࠋ 
 ࡉࡽ࡟ࠊᚓࡽࢀࡓ⾑₢୰⃰ᗘ᥎⛣࠿ࡽྛ⸆≀ࡢືែࣃ࣓࣮ࣛࢱࢆ࣮࣓ࣔࣥࢺゎᯒἲ
࡟ࡼࡾ⟬ฟࡋࡓࠋࡑࡢ⤖ᯝࠊ35%& ࠾ࡼࡧ 35%& ⩌࡟࠾࠸࡚ࡣ 6DOLQH ⩌࡜ẚ㍑ࡋ


࡚⸆≀ືែࣃ࣓࣮ࣛࢱࡢኚ໬ࡣほᐹࡉࢀ࡞࠿ࡗࡓ  7DEOHࠋ௚᪉ࠊ+E9⩌࡛ࡣ 6DOLQH
⩌࡜ẚ㍑ࡍࡿ࡜ࠊ඲⸆≀࡛༙ῶᮇ  7 ࡢ᭷ព࡞ᘏ㛗࡞࠸ࡋࡣᘏ㛗ഴྥ  FDIIHLQH
 ಸࠊ WROEXWDPLGH ಸࠊFKORU]R[D]RQH ಸࠊPLGD]RODP ಸࡀ♧ࡉࢀࡓࠋࡲ
ࡓࠊ⾑୰⃰ᗘ̿᫬㛫᭤⥺ୗ㠃✚  $8&࡟ࡘ࠸࡚ࡶቑຍ  FDIIHLQHಸࠊ WROEXWDPLGH
 ಸࠊFKORU]R[D]RQH  ಸࠊPLGD]RODP  ಸࡋࠊ඲㌟ࢡࣜ࢔ࣛࣥࢫ  &/WRW࡟ࡘ
࠸࡚ࡣῶᑡ  FDIIHLQHಸࠊ WROEXWDPLGHಸࠊFKORU]R[D]RQHಸࠊPLGD]RODP




)LJ  3ODVPD FRQFHQWUDWLRQ SURILOH RI &<3 FRFNWDLO FRQVLVWHG RI D FDIIHLQH E





7DEOH  3KDUPDFRNLQHWLFV SDUDPHWHUV RI &<3 FRFNWDLO LQ UDWV DW  KRXUV DIWHU
DGPLQLVWUDWLRQRI35%&35%&+E9RU6DOLQH
 35%& 35%& +E9 6DOLQH
  &DIIHLQH&<3$
7KU   ** 
$8&LQIȝJîKUP/    
057KU    
&/WRWP/KU    
9GP/    
  7ROEXWDPLGH&<3&
7KU    
$8&LQIȝJîKUP/    
057KU    
&/WRWP/KU    
9GP/    
  &KORU]R[D]RQH&<3(
7KU    
$8&LQIȝJîKUP/     
057KU    
&/WRWP/KU    
9GP/    
  0LGD]RODP&<3$
7KU    
$8&LQIȝJîKUP/    
057KU    
&/WRW/KU    
9G/    




➨⠇ +E9 ࡜⸆≀ࡢ┦஫స⏝ 

 ࢔ࣝࣈ࣑ࣥࢆጞࡵ࡜ࡋࡓ⾑₢ࢱࣥࣃࢡ㉁࡜⸆≀㛫ࡢ⤖ྜࡣࠊ⸆≀ࡢయෆືែࢆ኱ࡁ
ࡃᕥྑࡍࡿ㔜せ࡞ᅉᏊ࡛࠶ࡿࡇ࡜ࡣᗈࡃ▱ࡽࢀ࡚࠸ࡿ  ࠋ+E9 ࡢ⬡㉁஧㔜⭷ࡣࣜࣥ
⬡㉁ࡸࢥࣞࢫࢸ࣮ࣟࣝ➼࠿ࡽᵓᡂࡉࢀ࡚࠾ࡾࠊ⏕య⭷ࡸ㉥⾑⌫࡜㢮ఝᛶࢆᣢࡘࡓࡵࠊ
⬡㉁㸫⸆≀㛫ࡢ┦஫స⏝ࡀᠱᛕࡉࢀࡿ  ࠋࡘࡲࡾࠊ⾑୰࡟࠾࠸࡚ &<3 FRFNWDLOࡼࡾ
㛗࠸༙ῶᮇࢆ᭷ࡍࡿ +E9 ࡜ &<3FRFNWDLO ࡀ┤᥋ⓗ࡟┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ ࢆ
㉳ࡇࡍሙྜ࡟ࡣࠊ&<3 FRFNWDLO ࡢ⾑୰⁫␃ᛶࡀᘏ㛗ࡍࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊ
+E9 ࠶ࡿ࠸ࡣ㉥⾑⌫࡟ᑐࡋ࡚ &<3FRFNWDLO ࢆῧຍࡋࠊࡑࡢ┤᥋ⓗ࡞┦஫స⏝ࢆホ౯ࡋ
ࡓࠋࡑࡢ⤖ᯝࠊ⾑₢࡟ᑐࡍࡿ +E9 ࡢῧຍ㔞౫Ꮡⓗ࡟⾑₢୰⸆≀ṧᏑ㔞ࡀపୗࡋࠊ





FKORU]R[D]RQH    YV    PLGD]RODP    YV   
LQGLFDWHG>+FW@YV>+E9FULW@ࠋ௨ୖࡢ⤖ᯝࡼࡾࠊ&<3FRFNWDLO ࡣ +E9 ࡜┤᥋
ⓗ࡞┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ࢆ㉳ࡇࡍࡀࠊࡑࡢ⛬ᗘࡣ㉥⾑⌫࡜ྠ➼࡛࠶ࡾࠊࡇ



















ᢞ୚  ᫬㛫ᚋࡢࣛࢵࢺ⫢࣑ࢡࣟࢯ࣮࣒ࢆ⏝࠸ࠊ&<3 ྛศᏊ✀≉␗ⓗ࡞௦ㅰ཯ᛂάᛶ  
&<3$SKHQDFHWLQ2GHHWK\ODVHDFWLYLW\&<3&WROEXWDPLGHK\GUR[\ODVHDFWLYLW\
&<3 ( FKORU]R[D]RQH K\GUR[\ODVH DFWLYLW\ &<3 $ WHVWRVWHURQH EK\GUR[\ODVH
DFWLYLW\ࢆ ᐃࡋࠊྛᢞ୚ᾮࡀ &<3 ௦ㅰάᛶ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ホ౯ࡋࡓࠋࡑࡢ









( DQG G &<3 $ DW  KRXUV DIWHU DGPLQLVWUDWLRQ RI 35%& 35%& +E9 RU
6DOLQH




➨⠇ ✵ᑠ⬊యᢞ୚࡟ࡼࡿ &<3 ࡬ࡢᙳ㡪 

 ࡇࢀࡲ࡛ࡢ᳨ウ࡟ࡼࡾࠊ+E9 ᢞ୚ࡣ P51$ Ⓨ⌧㔞࡜௦ㅰάᛶࡢపୗࢆច㉳ࡍࡿྍ
⬟ᛶࡀ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊ+E9 ࡢᵓᡂᡂศ࡛࠶ࡿ⬡㉁⭷࡜ࣄࢺ +E ࡢ࡝ࡕࡽࡀࡇࡢ⌧
㇟ࢆᘬࡁ㉳ࡇࡍ୺ᅉ࡛࠶ࡿ࠿ࢆ᳨ウࡋࡓࠋ 




➨  ❶  ⠇ ࡜ྠᵝࡢᡭ㡰࡛ホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ(9 ⩌࡛ࡣ +E9 ⩌࡜ྠᵝ࡟ &<3
ศᏊ✀ࡢ P51$ ࡢⓎ⌧పୗࡀ☜ㄆࡉࢀࡓ  )LJ ࠋࡉࡽ࡟ࠊ(9 ᢞ୚  ᫬㛫ᚋࡢ⫢
࣑ࢡࣟࢯ࣮࣒୰ࡢ &<3 ศᏊ✀ู௦ㅰάᛶࢆ➨  ❶  ⠇࡜ྠᵝࡢᡭ㡰᳨࡛ウࡋࡓ࡜ࡇ
ࢁࠊ&<3$&<3& ཬࡧ &<3(ࡢ ✀࡟ࡘ࠸࡚ࡣࠊ6DOLQH⩌࡜ẚ㍑ࡍࡿ࡜ࠊ(9
୪ࡧ࡟ +E9 ࡢ୧⩌࡟࠾࠸࡚ྠ⛬ᗘ࡟௦ㅰάᛶࡢపୗࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡓ  )LJ DFࠋ
&<3$ ࡟ࡘ࠸࡚ࡣࠊ(9 ⩌࡛ⱝᖸࡢపୗࡀほᐹࡉࢀࡓࡶࡢࡢࠊࡑࡢ⛬ᗘࡣ +E9 ⩌ࡼ
ࡾࡶᑠࡉ࠿ࡗࡓ  )LJGࠋ 



















➨⠇ +E9 ᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿ㛗ᮇⓗᙳ㡪 
 ࡇࢀࡲ࡛ࡢ᳨ウ࡟ࡼࡗ࡚ࠊ+E9 ᢞ୚ࡀ⫢ &<3 ࡢⓎ⌧㔞࠾ࡼࡧ௦ㅰ⬟ࠊ&<3 ௦ㅰᆺ
⸆≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࡶࡢࡢࠊࡇࢀࡽࡢ⤖ᯝࡣ඲࡚ +E9 ᢞ
୚  ᫬㛫࡟࠾ࡅࡿホ౯࡛࠶ࡿࠋࡲࡓࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟ࡣ &<3 P51$ ࡢⓎ⌧㔞
ࡀపୗࡋ࡚࠾ࡾࠊ&<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟㛗ᮇⓗ࡟ᙳ㡪ࢆཬࡰࡍྍ⬟ᛶࡣྰᐃ
࡛ࡁ࡞࠸ࠋࡑࡇ࡛ࠊ+E9 ᢞ୚ࡀ㛗ᮇ࡟ࢃࡓࡗ࡚ &<3 ࡟ᑐࡋ࡚ᙳ㡪ࢆཬࡰࡍ࠿ྰ࠿ࢆ
ㄪ࡭ࡿࡓࡵࠊ+E9 ᢞ୚  㐌㛫ᚋ࡟ࡘ࠸࡚ࡶྠᵝࡢ᳨ウࢆ⾜ࡗࡓࠋ 
 ࡲࡎࠊ+E9 ᢞ୚  㐌㛫ᚋࡢࣛࢵࢺ  +E9Zࡢ⫢⤌⧊࠿ࡽ P51$ ࢆᢳฟࡋࠊࡑࡢ
Ⓨ⌧㔞ࢆ 6DOLQH࠾ࡼࡧ +E9ᢞ୚ ᫬㛫ᚋ  +E9Kࡢࢹ࣮ࢱ࡜ẚ㍑ࡋࡓ⤖ᯝࠊ&<3
&&<3(ཬࡧ &<3$ࡢ ✀࡟ࡘ࠸࡚ࡣ 6DOLQH⩌࡜ྠ➼࡟ᅇ᚟ࡋ  )LJEGࠊ











 ḟ࡟ࠊ+E9Z ⩌࡟ &<3 FRFNWDLO ࢆᢞ୚ᚋࡢయෆືែゎᯒࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ
+E9K ⩌࡜ẚ㍑ࡍࡿ࡜ࠊ+E9Z ࡛ࡣ⸆≀⾑₢୰⃰ᗘࡀప࠸ഴྥࢆ♧ࡋࠊ6DOLQH ⩌
࡜㢮ఝࡋ࡚࠸ࡓ  )LJࠋࡉࡽ࡟ࠊᚓࡽࢀࡓ⾑₢୰⃰ᗘ᥎⛣࠿ࡽ +E9Z ⩌࡟࠾ࡅࡿ
ྛ⸆≀ࡢືែࣃ࣓࣮ࣛࢱࢆ⟬ฟࡋࡓ࡜ࡇࢁࠊ+E9K ⩌࡟࠾࠸࡚ほᐹࡉࢀࡓ 7ࡢᘏ
㛗ࠊ$8& ࡢቑຍཬࡧ &/WRWࡢపୗࡣࠊ+E9Z ⩌࡛ࡣ 6DOLQH ⩌࡜ྠ➼ࡢ್࡟ࡲ࡛ᅇ᚟





)LJ  3ODVPD FRQFHQWUDWLRQ SURILOH RI &<3 FRFNWDLO FRQVLVWHG RI D FDIIHLQH E
WROEXWDPLGHFFKORU]R[D]RQHDQGGPLGD]RODPLQUDWVDWZHHNDIWHUDGPLQLVWUDWLRQ
RI+E9+E9Z 





7DEOH  3KDUPDFRNLQHWLFV SDUDPHWHUV RI &<3 FRFNWDLO LQ UDWV DW  ZHHN DIWHU
DGPLQLVWUDWLRQRI+E9
 +E9Z +E9K 6DOLQH
  &DIIHLQH&<3$
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  7ROEXWDPLGH&<3&
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  &KORU]R[D]RQH&<3(
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  0LGD]RODP&<3$
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRW/KU   
9G/   
 LQGLFDWHGTXRWHGYDOXHV IURP7DEOH IRU FRPSDULVRQ7KHYDOXHVDUHPHDQV6'Q 
HDFKJURXS

 ࡉࡽ࡟ࠊ+E9Z⩌ࡢ &<3ศᏊ✀ู௦ㅰάᛶ࡟ࡘ࠸᳨࡚ウࡍࡿࡓࡵࠊ➨ ❶ ⠇࡜
ྠᵝ࡟⫢࣑ࢡࣟࢯ࣮࣒ࡢ in vitroάᛶヨ㦂ࢆᐇ᪋ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9Z⩌࡛ࡣ &<3
ྛศᏊ✀ࡢ௦ㅰάᛶࡣ 6DOLQH ⩌࡜᭷ព࡞ᕪࢆㄆࡵ࡞࠿ࡗࡓ  )LJࠋ 


 ௨ୖࡼࡾࠊ+E9 ᢞ୚  ᫬㛫ࡢ᫬Ⅼ࡟࠾࠸࡚ほᐹࡉࢀࡓ &<3 ࡟㛵㐃ࡍࡿ✀ࠎࡢኚ໬

































+E9 ኱㔞ᢞ୚᫬࡟ࡣ୍㐣ᛶ࡟⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ $67 ࠾ࡼࡧ $/7 ್ࡀୖ᪼ࡍࡿࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡇࡢ஦ᐇࡣࠊ+E9 ࡀే⏝⸆ࡢ௦ㅰ࡟ᙳ㡪ࡍࡿࡇ࡜࡛ࠊ⸆≀
┦஫స⏝ࢆច㉳ࡍࡿྍ⬟ᛶࢆ༴᝹ࡉࡏࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ+E9 ࡀే⏝⸆ࡢయෆືែ
࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ヲ⣽࡟᳨ウࡉࢀࡓሗ࿌ࡣ࡞࠸ࠋࡑࡇ࡛ᮏ❶࡛ࡣࠊ⸆≀௦ㅰ࡛୰
ᚰⓗ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ⫢ &<3 ࡟╔┠ࡋࠊ+E9 ኱㔞ᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆື
ែ࡟୚࠼ࡿᙳ㡪ࢆホ౯ࡋࡓࠋ᳨ウࢆ㛤ጞࡍࡿ࡟ᙜࡓࡾࠊࣛࢵࢺ࡟ᑐࡋ࡚ +E9 ࢆᢞ୚
ࡍࡿ⩌ࡢ࡯࠿࡟ࠊࢥࣥࢺ࣮ࣟࣝ⩌࡜ࡋ࡚ 6DOLQH ᢞ୚⩌ࢆࠊ㍺⾑ࣔࢹࣝ࡜ࡋ࡚ 35%&
⩌ࢆࡑࢀࡒࢀタࡅࡓࠋࡉࡽ࡟⪁໬㉥⾑⌫ࡣ⫢⮚ࡸ⭁⮚࡛ᤕᤊ௦ㅰࡉࢀࡸࡍࡃࠊࡑࡢศ
ゎ⤒㊰ࡀ +E9 ࡜ྠᵝࡔ࡜⪃࠼ࡽࢀ࡚࠸ࡿࡓࡵ  ࠊ㐣๫ࡢ +E ௦ㅰ࡟ࡼࡿᙳ㡪ࢆほᐹ
ࡍࡿࡓࡵ࡟ 35%& ⩌ࢆタࡅࡓࠋ 
 ึࡵ࡟ࠊ+E9 ᢞ୚ࡀ⫢⮚ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞࡟୚࠼ࡿᙳ㡪ࢆศᏊ✀ู࡟⥙⨶ⓗ
࡟᳨ウࡍࡿࡓࡵࠊᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒ࡢࣉࣟࢸ࣮࣒࢜ゎᯒࢆ⾜ࡗࡓࠋᢳ




ୗࡋࠊ&<3&ࡢⓎ⌧㔞ࡀ᪂㩭㉥⾑⌫࠾ࡼࡧ +E9ᢞ୚⩌࡛ቑຍࡋ࡚࠸ࡓ  7DEOHࠋ
ゎᯒ⤖ᯝࢆಶయู࡟᳨ウࡍࡿ࡜ࠊ&<3 ' ࡟ࡘ࠸࡚ࡣྠ⩌ࡢಶయ㛫࡛ࡑࡢⓎ⌧࡟ 
ಸ௨ୖࡢᕪࡀᏑᅾࡋࠊ&<3& ࡟㛵ࡋ࡚ࡶྠ⩌ࡢಶయ㛫࡛  ಸࡢⓎ⌧ࡢኚືࡀ㉳
ࡇࡗ࡚࠸ࡓࠋࡉࡽ࡟ࠊู⣔⤫ࣛࢵࢺࡢሗ࿌࡛ࡣ࠶ࡿࡶࡢࡢࠊ⫢⮚࡟࠾ࡅࡿ &<3 &
ࡢࢱࣥࣃࢡ㉁Ⓨ⌧࡟ࡣ  ࡘࡢ VXESRSXODWLRQ ࡢᏑᅾࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡇࢀࡽࢆ຺
᱌ࡍࡿ࡜ࠊ&<3 ' ࠾ࡼࡧ & ࡛ぢࡽࢀࡓኚືࡣࠊᢞ୚ᾮࡢᙳ㡪࡜࠸࠺ࡼࡾࡶࡴࡋ
ࢁ኱ࡁ࡞ಶయᕪࡀཎᅉ࡛࠶ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡿࠋ୍᪉࡛ࠊୖグ  ศᏊ✀ࢆ㝖ࡃࡑࡢ
௚ࡢ &<3 ศᏊ✀࡟ࡘ࠸࡚ࡣࠊࡑࡢⓎ⌧㔞࡟๻ⓗ࡞ኚ໬ࡣぢࡽࢀ࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊ
&<3 ࡢ୰࡛ࡶ⸆≀௦ㅰ࡜㛵㐃῝࠸  ศᏊ✀  &<3$&<3&&<3(&<3$
࡟╔┠ࡋࠊᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒୰ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ ZHVWHUQ EORWWLQJ ࡟
ࡼࡗ࡚ホ౯ࡋࡓ⤖ᯝࠊ ศᏊ✀ࡢ࠸ࡎࢀ࡟ࡶᢞ୚⩌㛫࡛ࡢ᭷ព࡞ኚ໬ࡣぢࡽࢀ࡞࠿ࡗ
ࡓ  )LJ ࠋࡇࢀࡽࡢ⤖ᯝࢆ⥲ྜࡍࡿ࡜ࠊ+E9 ᢞ୚ࡀ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞࡟୚
࠼ࡿᙳ㡪࡟ࡘ࠸࡚ࡣࠊᑡ࡞ࡃ࡜ࡶ +E9 ᢞ୚  ᫬㛫ᚋ࡟࠾࠸࡚ࡣᑠࡉ࠸࡜ุ᩿ࡉࢀࡓࠋ 
 ḟ࡟ࠊᢞ୚  ᫬㛫ᚋࡢ⫢⮚ࢆ᥇ྲྀࡋࠊ㑇ఏᏊⓎ⌧ࢆᕥྑࡍࡿ㔜せ࡞ᅉᏊ࡛࠶ࡿ
P51$ ࡢᏑᅾ㔞ࢆ &<3 ศᏊ✀࡟ࡘ࠸࡚ ᐃࡋࡓࠋࡑࡢ⤖ᯝࠊ㉥⾑⌫ᢞ୚⩌ࡣ 6DOLQH
⩌࡜ྠᵝࡢ P51$ Ⓨ⌧㔞ࢆ඲࡚ࡢศᏊ✀࡛♧ࡋࡓࡢ࡟ᑐࡋࠊ+E9 ᢞ୚⩌ࡣ  ศᏊ✀
඲࡚࡛᭷ព࡟ P51$ Ⓨ⌧㔞ࡀῶᑡࡋ࡚࠸ࡓ  )LJ ࠋࡇࡢ⤖ᯝࡣࠊ&<3 ࡢࢱࣥࣃࢡ
㉁࡜ࡋ࡚ࡢⓎ⌧㔞࡜ P51$ ࡜ࡋ࡚ࡢⓎ⌧㔞ࡀ┦㛵ࡋ࡞࠸ࡇ࡜ࢆព࿡ࡋ࡚࠸ࡿࠋ&<3
ࢱࣥࣃࢡ㉁ࡢࢱ࣮࣮ࣥ࢜ࣂ࣮㏿ᗘࡀ P51$ ࡢࡑࢀࡼࡾࡶⴭࡋࡃ㐜࠸ሙྜ࡟ࡣࠊ+E9
ᢞ୚  ᫬㛫ᚋ࡟⏕ࡌࡓ㑇ఏᏊ㌿෗࡛ࣞ࣋ࣝࡢ &<3 Ⓨ⌧ᢚไࡢᙳ㡪ࡀࠊࢱࣥࣃࢡ㉁Ⓨ
⌧㔞࡜ࡋ࡚ࡣ཯ᫎࡉࢀ࡞࠸ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋ஦ᐇࠊ့ங⣽⬊࡟࠾ࡅࡿࢱࣥࣃࢡ㉁
ࡢ⣽⬊ෆ༙ῶᮇࡣ P51$ ࡢ⣽⬊ෆ༙ῶᮇࡼࡾࡶ㛗࠸ࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ  ࠋࡉࡽ
࡟ࠊࣄࢺ⫢⮚ &<3 ࡟࠾࠸࡚ࠊP51$ ࡜ࢱࣥࣃࢡ㉁㛫ࡢⓎ⌧㔞࡟┦㛵ᛶࡢஈࡋ࠸ศᏊ
✀ࡀᏑᅾࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊP51$ Ⓨ⌧㔞ࡢῶᑡࡀᚲࡎࡋࡶࢱ
ࣥࣃࢡ㉁࡜ࡋ࡚ࡢⓎ⌧㔞࡟ᙳ㡪ࢆ୚࠼ࡿ࡜ࡣゝ࠸ษࢀ࡞࠸ࠋࡇࢀࡽࢆ᫂ࡽ࠿࡟ࡍࡿࡓ
ࡵ࡟ࡣࠊ௒ᚋࠊ+E9 ᢞ୚ᚋࡢ⤒᫬ⓗ࡞ &<3 ࢱࣥࣃࢡ㉁࠾ࡼࡧ P51$ Ⓨ⌧㔞ࢆホ౯ࡍ
ࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡉࡽ࡟ࠊ+E9 ᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟ᙳ㡪ࢆ୚࠼ࡿ࠿ྰ࠿ࢆ᳨ウࡍࡿ
ࡓࡵ࡟ࠊ೺ᖖࣛࢵࢺ࡟ +E9 ࢆᢞ୚ࡋ࡚࠿ࡽ  ᫬㛫ᚋ࡟ &<3 ศᏊ✀≉␗ⓗ࡟௦ㅰࡉ




⩌ࡣ 7ࡢᘏ㛗ࡸ $8& ࡢቑຍࠊ&/WRWࡢῶᑡഴྥࡀほᐹࡉࢀࠊ&<3 ௦ㅰᆺ⸆≀ࡢᾘኻ
㑄ᘏࢆᘬࡁ㉳ࡇࡋࡓ  )LJ  7DEOH ࠋཌ⏕ປാ┬࡟ࡼࡾබ⾲ࡉࢀ࡚࠸ࡿࠕ་⸆ရ㛤
Ⓨ࡜㐺ṇ࡞᝟ሗᥦ౪ࡢࡓࡵࡢ⸆≀┦஫స⏝࢞࢖ࢻࣛ࢖ࣥ  ᭱⤊᱌ ࡛ࠖࡣࠊ⸆≀ᾘኻ
࡟㝿ࡋ࡚≉ᐃࡢ &<3ศᏊ✀࡟ࡼࡿ௦ㅰࡢᐤ୚ࡀ኱ࡁ࠸ FDIIHLQHࡸ PLGD]RODPࡢࡼ࠺࡞
⸆≀  ┦஫స⏝ࢆཷࡅࡸࡍ࠸ᇶ㉁⸆ࡢ $8& ࢆ  ಸ௨ୖ࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕᙉ
࠸㜼ᐖ⸆ࠖࠊ ಸ௨ୖ  ಸᮍ‶࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕ୰⛬ᗘࡢ㜼ᐖ⸆ࠖࠊ ಸ௨
ୖ  ಸᮍ‶࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕᙅ࠸㜼ᐖ⸆ࠖ࡜ᐃ⩏ࡋ࡚࠸ࡿ  ࠋ+E9 ᢞ୚࡟ࡼ
ࡿ⸆≀ࡢᾘኻ㑄ᘏࡢ⛬ᗘࡣ⸆≀✀࡟ࡼࡗ࡚␗࡞ࡗ࡚࠸ࡿࡶࡢࡢࠊ&<3 FRFNWDLO ୰ࡢྛ
⸆≀ࡢ $8& ࡣࠊ6DOLQH ⩌࡜ẚ㍑ࡋ࡚⣙ ± ಸ࡛࠶ࡗࡓࠋᮏᐇ㦂⤖ᯝࢆ࢞࢖ࢻࣛ࢖
࡛ࣥ♧ࡉࢀࡓᇶ‽࡜↷ࡽࡋྜࢃࡏࡿ࡜ࠊ+E9 ࡀᾘኻ㑄ᘏ࡟ཬࡰࡍᙳ㡪ࡣᙅ࠸ࡶࡢ࡛
࠶ࡿ࡜⪃࠼ࡽࢀࠊ⮫ᗋୖ኱ࡁ࡞ၥ㢟࡜࡞ࡿྍ⬟ᛶࡣప࠸࡜᥎ᐹࡉࢀࡿࠋ 
 ୖ㏙ࡋࡓࡼ࠺࡟ +E9 ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࡢ⛬ᗘࡣᙅ࠸ࡶࡢ
ࡢࠊࡑࡢཎᅉࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࡣ +E9 ࡢᏳ඲ᛶホ౯ࡢほⅬ࠿ࡽ㔜せ࡛࠶ࡿࠋࡑࡇ
࡛ࠊ+E9 ᢞ୚ࡀ &<3FRFNWDLO ࡢศᕸ࠶ࡿ࠸ࡣ௦ㅰ㐣⛬࡟ᙳ㡪ࡍࡿྍ⬟ᛶࢆ᳨ウࡋࡓࠋ
ࡲࡎࠊ+E9 ࡜ &<3 FRFNWDLO 㛫ࡢ྾╔➼ࡢ┤᥋ⓗ࡞⸆≀┦஫స⏝ࢆ in vitro ᳨࡛ウࡋࡓ
࡜ࡇࢁࠊ+E9 ࡢΰྜẚࢆቑࡍࡈ࡜࡟⾑₢࠿ࡽࡢ⸆≀ᅇ཰㔞ࡀῶᑡࡋࡓࡀࠊྠᵝࡢ⌧
㇟ࡣ㉥⾑⌫ῧຍ᫬࡟ࡶྠ⛬ᗘ࡟㉳ࡇࡗ࡚࠸ࡓ  )LJ ࠋࡇࡢ⤖ᯝࡼࡾࠊ+E9±⸆≀㛫
ࡢ┤᥋ⓗ┦஫స⏝ࡀ &<3 FRFNWDLO ࡢయෆືែࢆኚ໬ࡉࡏࡿ୺ᅉ࡛࠶ࡿ࡞ࡽࡤࠊ㉥⾑⌫
ᢞ୚⩌ࡶ +E9 ᢞ୚⩌࡜ྠ⛬ᗘ࡟ &<3 FRFNWDLO ࡢయෆືែ࡟ᙳ㡪ࢆཷࡅࡿ࡜ண᝿ࡉࢀ
ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ&<3 FRFNWDLO ࡢయෆືែヨ㦂࡟࠾࠸࡚ࠊ㉥⾑⌫ᢞ୚⩌ࡣ⸆≀ᾘኻ
ࡢ㑄ᘏ➼ࡢኚ໬ࡣ♧ࡋ࡚࠸࡞࠸  7DEOH ࠋᚑࡗ࡚ࠊᑡ࡞ࡃ࡜ࡶᮏ❶࡛⏝࠸ࡓ &<3
FRFNWDLO ୰ࡢ  ✀ࡢ⸆≀࡟࠾࠸࡚ࡣࠊ+E9 ࡛ࡢ⾑୰࡛ࡢ┤᥋ⓗ࡞⸆≀┦஫స⏝ࡀ &<3
FRFNWDLOࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࡣᑠࡉ࠸࡜᥎ᐹࡉࢀࡿࠋࡑࡇ࡛ḟ࡟ࠊ+E9 ࡀ &<3 ࡢ
௦ㅰ㐣⛬࡟୚࠼ࡿᙳ㡪ࢆ௦ㅰάᛶࡢഃ㠃࠿ࡽ᳨ウࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9 ᢞ୚  ᫬㛫
ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟࠾࠸࡚ࠊ඲࡚ࡢ &<3 ศᏊ✀  &<3 $ &<3 & &<3 (
&<3 $࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀほᐹࡉࢀࡓ  )LJ ࠋຍ࠼࡚ࠊෆ㒊࡟ +E ࢆྵ
ࡲ࡞࠸✵ᑠ⬊య࡛ࡶྠᵝ࡟௦ㅰάᛶࡢపୗࡀ☜ㄆࡉࢀࡓࡇ࡜࠿ࡽ  )LJ ࠊ+E9 ᢞ
୚࡟ࡼࡿ &<3 FRFNWDLO ᾘኻ㑄ᘏࡢ୍ᅉ࡟ࡣࠊ+E9 ࡢ⬡㉁⭷ᡂศࡢᙳ㡪࡟ࡼࡿ &<3 ௦
ㅰάᛶࡢపୗࡀᐤ୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡿࠋ+E9 ࡢ⬡㉁⭷ࡀ &<3 ࡟ཬࡰࡍᙳ
㡪ࡢヲ⣽ࡣ୙࡛᫂࠶ࡿࡀࠊࣜࣥ⬡㉁ࡸࢥࣞࢫࢸ࣮ࣟࣝࡀ &<3 ࡢάᛶ࡟ᙳ㡪ࡍࡿࡇ࡜




 ᭱ᚋ࡟ࠊ+E9 ᢞ୚ࡀ &<3 ࡟୚࠼ࡿ㛗ᮇⓗ࡞ᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ+E9 ᢞ୚  㐌㛫
ᚋࡢ⫢⮚࡟࠾ࡅࡿ &<3 ศᏊ✀ู P51$ Ⓨ⌧㔞࠾ࡼࡧ &<3 ࡢ௦ㅰάᛶࠊ&<3 FRFNWDLO
యෆືែヨ㦂ࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟ほᐹࡉࢀࡓኚ໬ࡣᅇ᚟ഴྥࢆ♧
ࡋ࡚࠸ࡓ  )LJ  7DEOH ࠋࡇࡢࡇ࡜࠿ࡽࠊ+E9 ࡀ &<3 ࡢⓎ⌧ࡸᶵ⬟࡟୚࠼ࡿᙳ
㡪ࡣ୍㐣ᛶ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡇࢀࡽࡢ⤖ᯝࢆ⥲ྜࡍࡿ࡜ࠊ+E9 ࡢ኱㔞ᢞ୚᫬࡟ &<3 ௦ㅰᆺ⸆≀ࢆే⏝ࡍࡿ࡜ࠊ
+E9 ࡟ࡼࡾ &<3 ௦ㅰάᛶࢆపୗࡉࡏࡿࡇ࡜࡛ &<3 ௦ㅰᆺ⸆≀ࡢ௦ㅰ㑄ᘏࢆᘬࡁ㉳ࡇ
ࡍྍ⬟ᛶࡀ♧၀ࡉࢀࡿࡶࡢࡢࠊࡑࡢ௦ㅰᢚไస⏝ࡣᙅࡃࠊ&<3 ௦ㅰᆺ⸆≀ࡢయෆື















 /&0606 ࢆ⏝࠸ࡓࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡗ࡚ +E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡ
ࣟࢯ࣮࣒୰ࡢ &<3ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ⥙⨶ⓗ࡟᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ᳨
ฟࡉࢀࡓ  ࡢ &<3 ศᏊ✀ࡢ࡯࡜ࢇ࡝ࡀ 6DOLQH ࠾ࡼࡧ㉥⾑⌫ᢞ୚᫬࡜ẚ㍑ࡋ࡚኱
ࡁ࡞Ⓨ⌧ኚືࢆㄆࡵ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜ࡣࠊ⸆≀௦ㅰ࡟㛵୚ࡍࡿ &<3ࡢ୺せศᏊ
✀  &<3$&<3&&<3(&<3$ ࡢ ZHVWHUQEORWWLQJ ࡟ࡼࡗ࡚ࡶ☜ㄆࡉ
ࢀࡓࠋ 

 +E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢⮚࡟࠾ࡅࡿ &<3 ศᏊ✀ࡢ P51$ Ⓨ⌧㔞ࢆ ᐃࡋࡓ
࡜ࡇࢁࠊ6DOLQH ࡸ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚᭷ព࡞Ⓨ⌧㔞పୗࢆㄆࡵࡓࠋ 

 +E9 ኱㔞ᢞ୚  ᫬㛫ᚋ࡟ࠊ&<3$&<3&&<3(&<3$ ≉␗ⓗ࡟௦ㅰ
ࡉࢀࡿ⸆≀࡜ࡋ࡚ࡑࢀࡒࢀ FDIIHLQH WROEXWDPLGH FKORU]R[D]RQH PLGD]RODP ࢆΰྜ
ࡋࡓ &<3 FRFNWDLO ࢆᢞ୚ࡋࠊࡑࡢయෆືែࢆ᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ6DOLQH ࡸ㉥⾑
⌫ᢞ୚᫬࡜ẚ㍑ࡋ࡚ 7ࡢᘏ㛗ࡸ $8& ࡢቑ኱ࠊ&/WRWࡢపୗࡀぢࡽࢀࡓࠋ 

 +E9 ࢆΰྜࡋࡓࣛࢵࢺ⾑₢࡟ &<3 FRFNWDLO ࢆῧຍࡋࠊ྾╔ࡸྲྀࡾ㎸ࡳ➼ࡢ┤᥋ⓗ
┦஫స⏝ࢆホ౯ࡋࡓ⤖ᯝࠊ+E9 ࡢῧຍ㔞౫Ꮡⓗ࡟⾑₢୰ࡢྛ⸆≀ṧᏑ㔞ࡢపୗࡀ
ほᐹࡉࢀࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊ㉥⾑⌫࡜ &<3 FRFNWDLO ࢆΰྜࡋࡓሙྜ࡟࠾࠸࡚ࡶ
+E9 ῧຍ᫬࡜ྠ⛬ᗘࡢ┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ࢆ♧ࡋࡓࠋ 







 ࣏ࣜࢯ࣮࣒ෆ㒊࡟ +E ࢆྵࡲ࡞࠸✵ᑠ⬊యࢆࣛࢵࢺ࡟ᢞ୚ࡋࠊ ᫬㛫ᚋࡢ⫢⮚୰
&<3ศᏊ✀ P51$Ⓨ⌧㔞࠾ࡼࡧ⫢࣑ࢡࣟࢯ࣮࣒ &<3௦ㅰάᛶࡢホ౯ࢆ⾜ࡗࡓࠋ
ࡑࡢ⤖ᯝࠊ✵ᑠ⬊యᢞ୚ࡣ +E9 ᢞ୚᫬࡜ྠᵝ࡟ P51$ Ⓨ⌧㔞ࡸ &<3 ௦ㅰάᛶࡢ
పୗࢆᘬࡁ㉳ࡇࡋࡓࠋ 

 +E9 ኱㔞ᢞ୚  㐌㛫ᚋ࡟࠾࠸࡚ &<3 ࡟ᑐࡍࡿ✀ࠎࡢᙳ㡪  P51$ Ⓨ⌧㔞ࡸ &<3
௦ㅰάᛶࠊ&<3FRFNWDLO యෆືែࢆホ౯ࡋࡓ࡜ࡇࢁࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟☜ㄆ
ࡉࢀࡓ✀ࠎࡢኚ໬ࡣ᏶඲࡟ᅇ᚟࡞࠸ࡋࡣᅇ᚟ഴྥࡀほᐹࡉࢀࡓࠋ 



























 ᮏ❶ࡢホ౯࡟⏝࠸ࡓฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࡢస〇ࣉࣟࢺࢥ࣮ࣝࢆ )LJ  ࡟




㉥⾑⌫  35%&ࠊಖᏑ㉥⾑⌫  35%& ࢆ ࢔ࣝࣈ࣑ࣥ⁐ᾮ࡟ᠱ⃮ࡉࡏࡓ⸽⏕ᾮ 
 J +EG/ࢆ⬺⾑㔞࡜➼㔞㍺⾑ࡋࡓࠋ࡞࠾ࠊࣛࢵࢺࡢయ㔜࠶ࡓࡾࡢ⥲ฟ⾑  ⬺⾑ 












DQG WRWDO YROXPH RI EOHHGLQJ LQ WKH
KHPRUUKDJLFVKRFNUDWVUHVXVFLWDWHGZLWK+E9
35%&RU35%&
D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ୗࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾࠊࡑࡢせᅉ࡜ࡋ࡚⹫⾑෌℺ὶ㞀ᐖ࡟㉳ᅉࡋࡓ
526 ࡢ⏘⏕࡟క࠺ &<3 ࢱࣥࣃࢡ㉁ศゎࡢᶵᗎࡀᙉࡃ␲ࢃࢀ࡚࠸ࡿ  ࠋᮏࣔࢹࣝࣛࢵ
ࢺ࡟࠾࠸࡚ࡶ⫢⹫⾑෌℺ὶ㞀ᐖࢆ࿊ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࡇ࡜࠿ࡽ  )LJ ࠊ+E9
㍺⾑᫬ࡢ &<3 ศᏊ✀඲⯡ⓗ࡞Ⓨ⌧పୗ࡟ࡣࠊ⹫⾑෌℺ὶ㞀ᐖ࡟㉳ᅉࡋࡓ &<3 ศゎࡀ
኱ࡁࡃᐤ୚ࡋ࡚࠾ࡾࠊ+E9 ࡀ㉥⾑⌫࡜ྠ➼ࡢ⤌⧊㓟⣲౪⤥⬟ࢆ᭷ࡍࡿࡀᨾ࡟ច㉳ࡉ
ࢀࡓ⌧㇟࡛࠶ࡿ࡜᥎ᐹࡉࢀࡿࠋຍ࠼࡚ࠊฟ⾑ᛶࢩࣙࢵࢡ⸽⏕ᚋ࡟࠾࠸࡚ࡣࠊ⫢
.XSIIHU ⣽⬊ࡀ⏘⏕ࡍࡿ⅖⑕ᛶࢧ࢖ࢺ࢝࢖ࣥ  ,/ 71)Dࡢᙳ㡪࡟ࡼࡗ࡚ࠊ&<3 㑇
ఏᏊⓎ⌧ࡀ㌿෗࡛ࣞ࣋ࣝᢚไࡉࢀࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋ➨  ❶࡛ࡢ᳨ウ࡟ࡼࡾࠊ
೺ᖖ᫬࡟࠾ࡅࡿ +E9 ᢞ୚ࡀ &<3 ศᏊ✀ࡢ P51$ Ⓨ⌧㔞ࢆపୗࡉࡏࡿࡇ࡜ࡀ♧ࡉࢀ
࡚࠸ࡿⅬࢆ⪃࠼ྜࢃࡏࡿ࡜ࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿ +E9 ㍺⾑ࡣ &<3 ࡢ㑇ఏᏊⓎ⌧
࡟ᙉ࠸ᢚไࢆᘬࡁ㉳ࡇࡍྍ⬟ᛶࢆணᮇࡉࡏࡿࡓࡵࠊ௒ᚋࡢ㔜せ࡞᳨ウ㡯┠ࡔ࡜⪃࠼ࡽ
ࢀࡿࠋ 
 ⥆࠸࡚ࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿ +E9 ㍺⾑ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿ
ᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ⸽⏕ ᫬㛫ᚋ࡟ &<3ศᏊ✀≉␗ⓗ࡟௦ㅰࡉࢀࡿ⸆≀⩌ࡢ &<3
FRFNWDLO ࢆᢞ୚ࡋࠊྛ⸆≀ࡢయෆືែࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊVKDP ⩌࡜ẚ㍑ࡍࡿ࡜඲
࡚ࡢ㍺⾑⩌࡛ 7ࡢᘏ㛗ࡸ $8&ࡢቑຍࡀほᐹࡉࢀ  )LJ7DEOHࠊ&<3ࢱࣥࣃࢡ㉁
Ⓨ⌧ࡢῶᑡࢆ཯ᫎࡋ࡚ &<3 ௦ㅰᆺ⸆≀ࡢ௦ㅰ㑄ᘏࡀច㉳ࡉࢀࡓ࡜⪃࠼ࡽࢀࡓࠋࡉࡽ
࡟ࠊ+E9 ⩌࡛ࡣ VKDP ⩌ࡔࡅ࡛ࡣ࡞ࡃ㉥⾑⌫㍺⾑⩌࡜ẚ㍑ࡋ࡚ࡶ⸆≀ᾘኻ㑄ᘏഴྥࢆ
♧ࡋ࡚࠸ࡓࠋ+E9 ᢞ୚ࡀ &<3 ௦ㅰάᛶ࡟ᙳ㡪ࡋ࡚ &<3 ௦ㅰᆺ⸆≀ࡢᾘኻ㑄ᘏࢆច㉳
ࡍࡿࡇ࡜ࡣࠊࡍ࡛࡟೺ᖖࣛࢵࢺࢆ⏝࠸ࡓ᳨ウ  ➨  ❶࡟ࡼࡗ࡚᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿࠋ
ࡑࡢࡓࡵࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ +E9 ㍺⾑ࡣࠊ&<3 ࢱࣥࣃࢡ㉁Ⓨ⌧
㔞࡜௦ㅰάᛶࡢ୧㠃࡟ᙳ㡪ࡋࠊ&<3 ௦ㅰᆺ⸆≀ࡢᾘኻࢆࡼࡾ୍ᒙ㑄ᘏࡉࡏࡓྍ⬟ᛶ
ࡀᙉࡃ␲ࢃࢀࡓࠋࡇࡢࡇ࡜ࢆ☜ㄆࡍ࡭ࡃࠊ⸽⏕  ᫬㛫ᚋ࡟᥇ྲྀࡋࡓ⫢࣑ࢡࣟࢯ࣮࣒
ࢆ⏝࠸ࡓ in vitro௦ㅰάᛶヨ㦂ࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9⩌࡟࠾࠸࡚ࡣ VKDP⩌ࡔࡅ࡛࡞ࡃ
㉥⾑⌫㍺⾑⩌࡜ẚ㍑ࡋ࡚ࡶࠊ&<3 ศᏊ✀඲࡚࡟ࡘ࠸࡚௦ㅰ≀⏕ᡂ㔞ࡢ᭷ព࡞ῶᑡࡀ
ほᐹࡉࢀࡓ  )LJ ࠋࡍ࡞ࢃࡕࠊ+E9 ࡢ኱㔞ᢞ୚ࡣࠊ೺ᖖ᫬ࡔࡅ࡛࡞ࡃฟ⾑ᛶࢩࣙ
ࢵࢡ᫬࡟࠾࠸࡚ࡶ &<3 άᛶ࡟ᙳ㡪ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 


 ࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ኱㔞ฟ⾑᫬࡟࠾ࡅࡿ +E9 ㍺⾑ࡣࠊ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ

















 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚ +E9 ࡲࡓࡣ㉥⾑⌫㍺⾑ࢆ᪋ࡋࠊ⸽⏕  ᫬
㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒୰ࡢ &<3ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆࣉࣟࢸ࣮࣒࢜ゎᯒ࡟




 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ⸆≀




 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࡟ᑐࡋ࡚ࠊ&<3 $ &<3
& &<3 ( &<3 $ ࠿ࡽ≉␗ⓗ࡟௦ㅰࢆཷࡅࡿ⸆≀  FDIIHLQH WROEXWDPLGH




 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ&<3
ศᏊ✀ࡢ௦ㅰάᛶࢆ in vitro ࡟࡚ホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9 ㍺⾑⩌࡛ࡣ௚ࡢ⩌࡜
ẚ㍑ࡋ࡚ࠊࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀほᐹࡉࢀࡓࠋ  

 ௨ୖࡢ▱ぢ࠿ࡽࠊ኱㔞ฟ⾑᫬࡟࠾ࡅࡿ +E9 ㍺⾑ࡣࠊ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢప
ୗࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊ+E9 ࡟ࡼࡿ⫢ &<3 ௦ㅰάᛶࡢపୗ



























࡚ࠊ⸆≀௦ㅰࡢ୰ᚰⓗ࡞ᙺ๭ࢆᢸ࠺⫢ &<3 ࡟╔┠ࡋ࡚ホ౯ࢆ⾜ࡗࡓࠋ᭱ᚋ࡟ࠊ➨ 




 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ㛗ᮇಖᏑ +E9 ᢞ୚᫬ࡢ᭷ຠᛶ࠾ࡼࡧ 
Ᏻ඲ᛶホ౯  ➨  ❶










ࡲࡓࠊ㛗ᮇಖᏑ +E9 ㍺⾑ࡣ⭈ᶵ⬟࡟ࡣᙳ㡪ࢆ୚࠼࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊ⸽⏕  ᫬㛫ᚋ




⫵⤌⧊ࢆ⏝࠸࡚ 032 ࠾ࡼࡧ 2+G* ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓ⤖ᯝࠊ㛗ᮇಖᏑ㉥⾑⌫㍺
⾑࡛ࡣࡇࢀࡽࡢᙉ࠸⵳✚ࡀほᐹࡉࢀࡓ୍᪉ࠊ㛗ᮇಖᏑ +E9 ࠾ࡼࡧ᪂㩭㉥⾑⌫㍺⾑࡛
ࡣ⵳✚ࡀᢚไࡉࢀ࡚࠸ࡓࠋ 






 ೺ᖖࣛࢵࢺ࡟ᑐࡍࡿ +E9 ኱㔞ᢞ୚ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪 
➨  ❶

 +E9 ኱㔞ᢞ୚  PJ+ENJ ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒ࢆ᥇ྲྀࡋࠊ/&0606 ࢆ
⏝࠸ࡓࣉࣟࢸ࣮࣒࢜ゎᯒࢆ⾜࠸ࠊ&<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ⥙⨶ⓗ࡟᳨ウࡋ
ࡓ⤖ᯝࠊ᳨ฟࡉࢀࡓศᏊ✀ࡢ࡯࡜ࢇ࡝ࡀ 6DOLQHᢞ୚᫬࡜ẚ㍑ࡋ࡚኱ࡁ࡞ኚືࢆ♧ࡉ࡞
࠿ࡗࡓࠋࡑࡇ࡛ࠊ⸆≀௦ㅰ࡬ࡢᐤ୚ࡀ㧗࠸ &<3 ୺せ  ศᏊ✀  &<3 $ &<3 &
&<3(&<3$ ࡟ࡘ࠸࡚ヲ⣽࡟᳨ウࢆ⾜ࡗࡓࠋࡲࡎࠊZHVWHUQEORWWLQJ ࡟ࡼࡗ࡚ࢱ
ࣥࣃࢡ㉁Ⓨ⌧㔞ࢆホ౯ࡋࡓ࡜ࡇࢁࠊࣉࣟࢸ࣮࣒࢜ゎᯒࡢ⤖ᯝ࡜ྠᵝ࡟᭷ព࡞Ⓨ⌧ኚື
ࢆㄆࡵ࡞࠿ࡗࡓࠋḟ࡟ࠊ+E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢ &<3 ศᏊ✀ࡢ P51$ Ⓨ⌧㔞ࢆ
57T3&5 ࡟࡚ゎᯒࡋࡓ⤖ᯝࠊ6DOLQH ࠾ࡼࡧ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚᭷ព࡞ P51$ Ⓨ
⌧㔞ࡢపୗࡀほᐹࡉࢀࡓࠋࡉࡽ࡟ࠊ+E9኱㔞ᢞ୚ ᫬㛫ᚋ࡟≉␗ⓗ࡟ &<3$&<3





ẚ㍑ࡋ࡚⸆≀ᾘኻ㑄ᘏࢆ♧ࡍ⸆≀ືែࣃ࣓࣮ࣛࢱࡢኚ໬  7 ࡢᘏ㛗ࠊ$8& ࡢቑ኱ࠊ
&/WRWࡢపୗࡀほᐹࡉࢀࡓࠋ 
 ࡇࡢཎᅉࢆヲ⣽࡟᳨ウࡍࡿࡓࡵࠊ+E9 ࡀ⸆≀ࡢศᕸ࠶ࡿ࠸ࡣ௦ㅰ࡟ཬࡰࡍᙳ㡪࡟




+E9 ࡀ &<3 FRFNWDLO ࡜┤᥋ⓗ࡞┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ࢆ㉳ࡇࡋ࡚యෆືែࢆ
ኚ໬ࡉࡏࡓྍ⬟ᛶࡣᑠࡉ࠸࡜⪃࠼ࡽࢀࡓࠋࡉࡽ࡟ࠊ+E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡ
ࣟࢯ࣮࣒ࢆ⏝࠸࡚ࠊ&<3 ศᏊ✀ูࡢ in vitro ௦ㅰάᛶヨ㦂ࢆᐇ᪋ࡋࡓ࡜ࡇࢁࠊ6DOLQH
࠾ࡼࡧ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚඲࡚ࡢ &<3 ศᏊ✀࡛௦ㅰάᛶࡀపୗࡋ࡚࠸ࡓࠋࡑࡇ
࡛ࠊ+E9 ᵓᡂᡂศ࡛࠶ࡿ +E ࡜⬡㉁⭷ࡢ࡝ࡕࡽࡀ௦ㅰάᛶࡢపୗ࡟ᐤ୚ࡍࡿ࠿ࢆㄪ࡭
ࡿࡓࡵࠊ࣏ࣜࢯ࣮࣒ෆ࡟ +E ࢆྵࡲ࡞࠸✵ᑠ⬊యࢆ೺ᖖࣛࢵࢺ࡟ᢞ୚ࡋࠊ ᫬㛫ᚋࡢ
⫢࣑ࢡࣟࢯ࣮࣒ࢆ⏝࠸࡚௦ㅰάᛶࡢホ౯ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ✵ᑠ⬊యᢞ୚ࡣ +E9
ᢞ୚᫬࡜ྠᵝ࡟ࠊ&<3 ௦ㅰάᛶࡢపୗࢆᘬࡁ㉳ࡇࡋࡓࠋຍ࠼࡚ࠊ✵ᑠ⬊యᢞ୚  ᫬
㛫ᚋࡢ⫢⮚ P51$ Ⓨ⌧㔞࡟ࡘ࠸࡚ࡶ +E9 ᢞ୚᫬࡜ྠ⛬ᗘ࡟పୗࡋ࡚࠸ࡓࠋ 
 ᭱ᚋ࡟ࠊ+E9 ᢞ୚ࡢ㛗ᮇⓗ࡞⫢ &<3 ࡬ࡢᙳ㡪ࢆほᐹࡍࡿࡓࡵࠊ+E9 ኱㔞ᢞ୚  㐌
㛫ᚋ࡟࠾ࡅࡿ &<3 ࡟ᑐࡍࡿ✀ࠎࡢᙳ㡪  P51$ Ⓨ⌧㔞ࠊ&<3 FRFNWDLO యෆືែࠊ&<3
௦ㅰάᛶࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟࡚ほᐹࡉࢀࡓྛኚ໬ࡣࠊᢞ
୚  㐌㛫ᚋ࡟ࡣᅇ᚟࡞࠸ࡋࡣᅇ᚟ഴྥࢆ♧ࡋࡓࠋ 




 ฟ⾑ᛶࢩࣙࢵࢡࣛࢵࢺ࡟ᑐࡍࡿ +E9 ㍺⾑࡟ࡼࡿ⸽⏕ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆ
ືែ࡟୚࠼ࡿᙳ㡪  ➨  ❶

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ +E9 ㍺⾑ࢆ᪋ࡋࠊ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒
୰ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆࣉࣟࢸ࣮࣒࢜ゎᯒ࡟࡚⥙⨶ⓗ࡟᳨ウࡋࡓࠋࡑࡢ
⤖ᯝࠊVKDP ⩌࡜ẚ㍑ࡋ࡚ &<3 ศᏊ✀ࡢ඲⯡ⓗ࡞Ⓨ⌧㔞పୗࡀほᐹࡉࢀࡓࡶࡢࡢࠊྠ
ᵝࡢపୗࡣ㉥⾑⌫㍺⾑⩌࡟࠾࠸࡚ࡶ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊ+E9 ㍺⾑  ᫬㛫ᚋࡢ⫢࣑ࢡ





ࡲࡓࠊ⫢࣑ࢡࣟࢯ࣮࣒࡟࠾ࡅࡿ &<3  ศᏊ✀ࡢ௦ㅰάᛶࢆ in vitro ࡟࡚ホ౯ࡋࡓ࡜ࡇ
ࢁࠊ+E9 ㍺⾑⩌࡛ࡣ௚ࡢ⩌࡜ẚ㍑ࡋ࡚ࠊࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀ




 ௨ୖࡢ⤖ᯝࡼࡾࠊ኱㔞ฟ⾑᫬࡟ᑐࡍࡿ +E9 ㍺⾑ࡣࠊ⫢⹫⾑෌℺ὶ㞀ᐖ࡟㉳ᅉࡋࡓ





















 +E9 ཬࡧ (9ࡣ᪤ሗ  ࡟ࡼࡾస〇ࡉࢀࠊዉⰋ┴❧་⛉኱Ꮫ࠿ࡽ౪୚ࡉࢀࡓࡶࡢࢆ





 ᐇ㦂ࢹ࣮ࢱࡣࡍ࡭࡚ᖹᆒ್  ᶆ‽೫ᕪ࡛⾲グࡋࡓࠋྠ⩌㛫ࡢ  ᫬Ⅼ࡟࠾ࡅࡿ⤒᫬
ⓗኚ໬ࡢ᭷ពᕪ᳨ᐃ࡟ࡘ࠸࡚ࡣ SDLUHG WWHVW ࢆ⾜ࡗࡓࠋྠ⩌㛫ࡢ  ᫬Ⅼ௨ୖࡢ⤒᫬ⓗ
ኚ໬࡟ࡘ࠸࡚ࡣࠊ2QHZD\ UHSHDWHG PHDVXUHV $129$ ᚋ࡟ %RQIHUURQL ἲ࡟ࡼࡿከ㔜ẚ
㍑᳨ᐃࢆ⾜ࡗࡓࠋከ⩌㛫ࡢ᭷ពᕪ᳨ᐃ࡟ࡘ࠸࡚ࡣࠊ$129$ ᚋ࡟ 6FKHIIH ἲ  ➨  ❶
࠶ࡿ࠸ࡣ %RQIHUURQLἲ  ➨ ❶࡟ࡼࡾከ㔜ẚ㍑᳨ᐃࢆ⾜ࡗࡓࠋ⏕Ꮡ⋡ࡢゎᯒ࡟ࡣࠊ
.DSODQ0HLHU ἲ࡜ /RJUDQN WHVW ࢆ⏝࠸ࠊ%RQIHUURQL ἲ࡟ࡼࡿ⿵ṇࢆ⾜ࡗࡓࠋ⫵㞀ᐖࡢ
ࢫࢥ࢔ࣜࣥࢢ್࡟ࡘ࠸࡚ࡣࠊ.UXVNDO:DOOLV ᳨ᐃࢆ⾜ࡗࡓࠋ⸆≀ືែࣃ࣓࣮ࣛࢱࡣࠊ
࣮࣓ࣔࣥࢺゎᯒἲ࡟ࡼࡾ⟬ฟࡋࡓ  ࠋ 

➨  ❶࡟㛵ࡍࡿᐇ㦂 

 ᐇ㦂ື≀ 
 㞝ᛶ /HZLV ࣛࢵࢺ   㐌௧ࡣ᪥ᮏ 6/& ࡼࡾ㉎ධࡋࡓࠋ ᫬㛫ࡈ࡜ࡢ᫂ᬯࢧ࢖
ࢡࣝ⎔ቃୗ࡛ࠊ⮬⏤㣧Ỉ࠾ࡼࡧᦤ㣗ྍ⬟࡞᮲௳࡛  㐌㛫ࡢணഛ㣫⫱ࢆ⾜ࡗࡓࠋ 

 35%& ࡢస〇 
 35%& ཬࡧ 35%& ࡣ᪤ሗ  ࡢ᪉ἲࢆཧ⪃࡟స〇ࡋࡓࠋ/HZLV ࣛࢵࢺࡢ㢕ື⬦࡟
࢖ࢯࣇࣝࣛࣥ㯞㓉ୗ࡛࣏࢚ࣜࢳࣞࣥ࢝ࢸ࣮ࢸࣝ  3( %HFWRQ 'LFNLQVRQ DQG
&RPSDQ\ࢆ࢝ࢽ࣮ࣗࣞࢩࣙࣥᚋࠊ࢝ࢸ࣮ࢸࣝࢆ⤒⏤ࡋ඲⾑  ⣙  P/ࢆ᥇ྲྀࡋࠊ
㉥⾑⌫ಖᏑᾮ࡛࠶ࡿ &3'$ ࢸࣝࣔࢆ⾑ᾮ࡟ᑐࡋ࡚  YYࡢ⃰ᗘẚ࡟࡞ࡿࡼ࠺࡟
ῧຍࡋࡓࠋ⾑ᾮࢆⓑ⾑⌫㝖ཤࣇ࢕ࣝࢱ࣮  3XUHFHOO 3DOO &RUSRUDWLRQ ࡛ฎ⌮ᚋࠊ











ࢀࡓ⾑ᅽࢺࣛࣥࢫࢹ࣮ࣗࢧ  0/7 $',QVWUXPHQWV࠿ࡽฟຊࡉࢀࡿࢹ࣮ࢱࢆ $'
ࢥࣥࣂ࣮ࢱ  3RZHU/DE $',QVWUXPHQWV ࢆ௓ࡋ࡚ྲྀᚓࡋࠊゎᯒࢯࣇࢺ࢙࢘࢔ 
/DE&KDUW $',QVWUXPHQWVࢆ⏝࠸࡚ࣔࢽࢱࣜࣥࢢࡋࡓࠋ࢝ࢸ࣮ࢸࣝᤄධ  ᫬㛫ᚋ࡟
෌ᗘ㯞㓉ࡋࠊ⭡㒊࡟  FP ࡢษ㛤⦭ྜ࡟ࡼࡿእയࢆ୚࠼ࠊ࢝ࢸ࣮ࢸࣝࢆࣁ࣮ࢿࢫ࣭ࢩ
࣮࣭࣋ࣝࢫࣉࣜࣥࢢࢸࢨ࣮࣭ࣞࣂ࣮࢔࣮࣒࠿ࡽᵓᡂࡉࢀࡿ࢖ࣥࣇ࣮ࣗࢪࣙࣥࢩࢫࢸ࣒ 
&,+36&0%3ࣉࣛ࢖࣒ࢸࢵࢡ࡟᥋⥆ࡋࡓࠋぬ㓰≧ែୗ࡛኱⭣ື⬦࠿
ࡽ඲⾑ᾮ㔞   P/NJ ࡢ ࢆࢩࣜࣥࢪ࣏ࣥࣉ  .' 6FLHQWLILFࢆ⏝࠸࡚  ศ㛫
࡛ᐃ㏿⬺⾑ࡋࠊ ᫬㛫࡟ࢃࡓࡾ 0$3 ࢆ  PP+J ௨ୗ࡟࡞ࡿࡼ࠺࡟㐺ᐅ⬺⾑ࢆ⾜࠸ࠊ
ฟ⾑ᛶࢩࣙࢵࢡ≧ែࢆ⥔ᣢࡉࡏࡓࠋḟ࡟ࠊึᮇ⸽⏕࡜ࡋ࡚ࠊ⬺⾑ࡢ  ಸ㔞ࡢங㓟ࣜࣥ
ࢤࣝᾮ  ࢸࣝࣔ  ࢆ  ศ㛫࡛ᐃ㏿ᢞ୚ࡋࡓࠋࡉࡽ࡟ࠊ㍺⾑࡜ࡋ࡚ࠊ+E9 35%&




࡞࠾ࠊ35%& ࡢᢞ୚࡟㝿ࡋ࡚ࡣࠊୖグᘧ࠿ࡽồࡵࡓ 35%& ࡜ࠊ⬺⾑㔞࡜ྠ➼ࡢ⏕⌮㣗
ሷỈ  ኱ሯ〇⸆ᕤሙࢆΰྜࡋ࡚ᢞ୚ᾮ࡜ࡋࡓࠋ+E⃰ᗘ࡜ +FWࡣࠊື≀⏝඲⮬ື⾑⌫




 %DVHOLQHฟ⾑ᛶࢩࣙࢵࢡ๓ࠊ⬺⾑┤ᚋࠊ⸽⏕ ᫬㛫࠾ࡼࡧ ᫬㛫ࡢ Ⅼ࡛ື⬦
⾑ࢆ᥇ྲྀࡋࠊ3D23D&2/DFWDWH%DVH([FHVV ࡢ㡯┠࡟ࡘ࠸࡚ࠊ L67$7ᢇ᱓⸆ရᕤ
ᴗࢆ⏝࠸࡚ ᐃࡋࡓࠋ+FW ࡟ࡘ࠸࡚ࡣࠊື≀⏝඲⮬ື⾑⌫ィᩘჾ࡟ࡼࡾィ ࡋࡓࠋ           


ࡉࡽ࡟ࠊᚓࡽࢀࡓ⾑ᾮࢆ &g ࡛  ศ㛫㐲ᚰࡋࠊᚓࡽࢀࡓ⾑₢୰ࢢࣝࢥ࣮ࢫ⃰
ᗘࢆࢢࣝࢥ࣮ࢫ &,,ࢸࢫࢺ࣡ࢥ࣮  ࿴ග⣧⸆ᕤᴗࢆ⏝࠸࡚ ᐃࡋࡓࠋ+E9 ࡣ⏕໬Ꮫ
ⓗࣃ࣓࣮ࣛࢱࡢ ᐃ್࡟ᖸ΅ࡍࡿࡓࡵ  ࠊ+E9 ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊ g
 ศ㛫ࡢ㉸㐲ᚰฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖ཤࡋࡓࡶࡢࢆ ᐃࢧࣥࣉࣝ࡜ࡋ࡚⏝࠸ࡓࠋ 

 ⏕໬Ꮫⓗࣃ࣓࣮ࣛࢱ ᐃ 
 %DVHOLQH ฟ⾑ᛶࢩࣙࢵࢡ๓  ࠾ࡼࡧ⸽⏕  ᫬㛫ᚋࡢ⾑ᾮࢧࣥࣉࣝࢆ᥇ྲྀᚋࠊ&
g࡛ ศ㛫㐲ᚰࡋࠊ⾑₢ࢧࣥࣉࣝ࡜ࡋࡓࠋ+E9ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊ
g ࡛  ศ㛫ࡢ㉸㐲ᚰฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖ཤࡋࡓࡶࡢࢆ ᐃࢧࣥࣉࣝ࡜ࡋ࡚⏝
࠸ࡓࠋ⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ $67 ࠾ࡼࡧ $/7 ࡣࢺࣛࣥࢫ࢔࣑ࢼ࣮ࢮ &,,ࢸࢫࢺ࣡ࢥ
࣮  ࿴ග⣧⸆ᕤᴗࢆ⏝࠸࡚ ᐃࡋࡓࠋ⭈ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ %81 ࠾ࡼࡧ &5( ࡟ࡘ
࠸࡚ࡣࠊࡑࢀࡒࢀᒀ⣲❅⣲ %ࢸࢫࢺ࣡ࢥ࣮  ࿴ග⣧⸆ᕤᴗ࡜ࣛ࣎࢔ࢵࢭ࢖ࢡࣞ࢔
ࢳࢽࣥ  ࿴ග⣧⸆ᕤᴗࢆ⏝࠸࡚ ᐃࡋࡓࠋ 

 ⫵Ỉ⭘ホ౯ 
 ⫵Ỉ⭘ࡢホ౯ࡣ .HOKHU ࡽ  ࡢሗ࿌࡟ᇶ࡙࠸࡚⾜ࡗࡓࠋฟ⾑ᛶࢩࣙࢵࢡࣛࢵࢺࢆྛ
ᢞ୚ᾮ࡛㍺⾑ࡍࡿ┤๓࡟ࠊ(%' ᮾி໬ᡂᕤᴗࢆ  PJNJ ࡢᢞ୚㔞࡛㟼⬦ෆᢞ୚ࡋ
ࡓࠋ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺࡢ⾑ᾮࢧࣥࣉࣝࢆ᥇ྲྀࡋ &g ࡛  ศ㛫㐲ᚰࡋࠊୖ
Ύࢆ⾑₢ࢧࣥࣉࣝ࡜ࡋࡓࠋ+E9ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊg࡛ ศ㛫ࡢ㉸㐲ᚰ
ฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖ཤࡋࡓࡶࡢࢆ ᐃࢧࣥࣉࣝ࡜ࡋ࡚⏝࠸ࡓࠋࡉࡽ࡟ࠊ P/
ࡢ⏕⌮㣗ሷỈࢆ⏝࠸࡚ %$/)ࢆ᥇ྲྀࡋࡓࠋᚓࡽࢀࡓ⾑₢ཬࡧ %$/)୰ࡢ (%'⃰ᗘࡣࠊ
 QP ࡢ྾ගᗘࢆศගගᗘィ࡟࡚ ᐃࡍࡿࡇ࡜࡛⟬ฟࡋࠊୗグࡢᘧ࡟ࡼࡾ %$/) ୰
(%' ₃ฟᗘࢆホ౯ࡋࡓࠋ 
(%'OHDNDJH >(%'LQ%$/)@>(%'LQSODVPD@î
ࡉࡽ࡟ࠊᚓࡽࢀࡓ %$/) ୰ࢱࣥࣃࢡ⃰ᗘࢆ 3LHUFH %&$ 3URWHLQ $VVD\ .LW 7KHUPR
6FLHQWLILF࡟ࡼࡾ ᐃࡋࡓࠋຍ࠼࡚ࠊ⸽⏕  ᫬㛫ᚋࡢᕥ⫵ࢆ᥇ྲྀࡋࠊ& ࡛  ᫬㛫





 ㍺⾑  ᫬㛫ᚋࡢ⫢⮚ࠊ⭈⮚ࠊ⫵ࢆ᦬ฟࡋࠊ୰ᛶ⦆⾪࣐࣍ࣝࣜࣥᾮ  ࿴ග⣧⸆ᕤ
ᴗ࡛ᅛᐃ໬ࡋࡓᚋࠊࣃࣛࣇ࢕ࣥໟᇙࢆ⾜࠸ࠊษ∦ࢆస〇ࡋࡓࠋ࢟ࢩࣞࣥ࡟ࡼࡾษ∦
ࡢ⬺ࣃࣛࣇ࢕ࣥࢆ⾜࠸ࠊỈὙὙίᚋࠊ࣐࣊ࢺ࢟ࢩࣜࣥᾮ  Ṋ⸨໬Ꮫ࡛  ศ㛫ᰁⰍࡋࠊ
ࡉࡽ࡟ỈὙὙίࢆ⾜ࡗࡓࠋ࢚࢜ࢩࣥᾮ  Ṋ⸨໬Ꮫ࡛ࡉࡽ࡟  ศ㛫ᰁⰍࡋࠊỈὙὙί
ᚋࠊ⬺Ỉࠊ㏱ᚭࠊᑒධࢆ⾜࠸ࠊ㢧ᚤ㙾  %=; .H\HQFH࡟࡚ᰁⰍീࢆほᐹࡋࡓࠋ
⫵ࡢ⤌⧊⑓⌮Ꮫⓗࢫࢥ࢔ࣜࣥࢢࡣࠊ0XUDNDPL ࡽࡢሗ࿌  ࢆᇶ࡟⾜ࡗࡓࠋ↓సⅭ࡟ᢳ
ฟࡋࡓ  ⟠ᡤࡢᰁⰍീ࡟ࡘ࠸࡚ࠊ࠺ࡗ⾑ࠊᾋ⭘ࠊฟ⾑ࠊ⅖⑕ࡢ  ᡤぢ࠿ࡽࡢ㔜⑕ᗘ
ࢆࡑࢀࡒࢀ  Ⅼ࡛ᩘ್໬ࡋࠊࡑࡢྜィⅬࢆ⟬ฟࡋࡓࠋ 

 ⺯ගච␿ᰁⰍ  +,)D0322+G*
 ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡛స〇ࡋࡓ⫵ษ∦ࢆ⬺ࣃࣛࣇ࢕ࣥ໬ࡋࠊ+LVWR97RQHࢼ࢝ࣛ
࢖ࢸࢫࢡࢆ⏝࠸࡚  ศ㛫↻Ἓࡋࠊᢠཎ㈿ά໬ࢆ⾜ࡗࡓࠋ3%6 ࡟ࡼࡿὙίᚋࠊ
7ZHHQ ࢆྵࡴ P07ULV+&OS+࡛  ศ㛫ྍ⁐໬ࢆ⾜ࡗࡓࠋ⥆࠸࡚ࠊࣈࣟࢵ
ࢡ࢚࣮ࢫ  ኱᪥ᮏఫ཭〇⸆࡟ࡼࡗ࡚  ศ㛫ࣈࣟࢵ࢟ࣥࢢࢆ⾜࠸ࠊ%6$6LJPD
$OGULFKࢆྵࡴ 3%6࡟࡚ᕼ㔘ࡉࢀࡓ  ḟᢠయࢆ & RYHUQLJKW ࡛཯ᛂࡉࡏࡓࠋP0
7ULV+&OS+ཬࡧ 7ZHHQ ࢆྵࡴྠ⁐ᾮ࡟࡚ィ  ᅇࡢὙίࡢᚋࠊ%6$
ࢆྵࡴ 3%6 ࡟࡚ᕼ㔘ࡉࢀࡓ  ḟᢠయࢆ  ศ㛫཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊ෌ᗘὙίࢆ






























➨  ❶࡟㛵ࡍࡿᐇ㦂 

 ᐇ㦂ື≀ 
 㞝ᛶ 6SUDJXH'DZOH\6'⣔ࣛࢵࢺ  㐌௧ࢆ᪥ᮏ 6/&ࡼࡾ㉎ධࡋࠊ㐌㛫ࡢணഛ





 6' ࣛࢵࢺ࡟࢖ࢯࣇࣝࣛࣥ㯞㓉ୗࠊ࣏࢚ࣜࢳࣞࣥ࢝ࢸ࣮ࢸࣝ  3(ࢆྑ኱⭣㟼⬦





 ྛࢧࣥࣉࣝࢆᢞ୚  ᫬㛫ᚋ࡟ࠊ࢖ࢯࣇࣝࣛࣥ㯞㓉ୗ࡛ࣛࢵࢺᕥᚰᐊ࡟ 3%6 ࢆὶධ
ࡉࡏࠊୗ኱㟼⬦࠿ࡽᨺ⾑ࡋࠊ඲㌟℺ὶࢆ⾜ࡗࡓᚋ࡟⫢⮚ࢆ᥇ྲྀࡋࡓࠋࣉࣟࢸ࣮࣒࢜ゎ
ᯒ࡟⏝࠸ࡿࢧࣥࣉࣝ࡟ࡘ࠸࡚ࡣࠊ⮚ჾ Jᙜࡓࡾ P/ࡢ  +RPRJHQL]DWLRQEXIIHU$
P07ULV+&OS+P01D&OP00J&OP0SKHQ\OPHWK\OVXOIRQ\OIOXRULGH
YY3URWHDVH,QKLELWRU&RFNWDLO6LJPD$OGULFKࢆῧຍࡋࠊ࣏ࢵࢱ࣮ᆺ࣍ࣔࢪࢼ࢖ࢨ
࣮࡟ࡼࡾ࣍ࣔࢪࢼ࢖ࢬࢆ⾜ࡗࡓࠋࡲࡓࠊ&<3 in vitro ௦ㅰάᛶヨ㦂࡟⏝࠸ࡿࢧࣥࣉࣝ
࡟ࡘ࠸࡚ࡣࠊ⮚ჾ J ᙜࡓࡾ P/ ࡢ +RPRJHQL]DWLRQEXIIHU%P07ULV+&O0
6XFURVHP0('7$ࢆῧຍࡋࠊୖグ࡜ྠᵝ࡟࣍ࣔࢪࢼ࢖ࢬࢆ⾜ࡗࡓࠋᚓࡽࢀࡓ࣍ࣔ




 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿ⫢ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ⥙⨶ⓗホ౯ 
 ᚓࡽࢀࡓ࣑ࢡࣟࢯ࣮࣒࠿ࡽࡢ࣌ࣉࢳࢻヨᩱࡢㄪ〇ཬࡧࣉࣟࢸ࣮࣒࢜ゎᯒࡣ㐣ཤࡢሗ
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ࢆῧຍࡋࠊ᣺࡜࠺ᚋ࡟ &g ࡛  ศ㛫㐲ᚰࡋࠊୖΎࢆ᥇ྲྀᚋ࡟࢚ࣂ࣏࣮ࣞࢩࣙ
ࣥࡋࡓࠋ࢔ࢭࢺࢽࢺࣜࣝ࡜ P06RGLXP3KRVSKDWHS+ࢆ  ࡛ΰྜࡋࡓ⁐፹
 / ࡛෌⁐ゎᚋࠊ / ࢆ +3/& ࡟࡚ศᯒࡋࠊ&<3 $ ≉␗ⓗ௦ㅰ≀࡛࠶ࡿ E
K\GUR[\WHVWRVWHURQH ࡢ⏕ᡂ㔞ࢆ⟬ฟࡋࡓࠋ 
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➨  ❶࡟㛵ࡍࡿᐇ㦂 

 ᐇ㦂ື≀ 
 㞝ᛶ 6'ࣛࢵࢺ  㐌௧ࢆ᪥ᮏ 6/&ࡼࡾ㉎ධࡋࠊ㐌㛫ࡢணഛ㣫⫱ᚋࠊᐇ㦂࡟⏝࠸
ࡓࠋ࡞࠾ࠊ㞝ᛶ 6' ࣛࢵࢺࡢࣜࢱ࢖࢔ື≀ࢆ᪥ᮏ 6/& ࡼࡾ㉎ධࡋࠊ➨  ❶࡟㛵ࡍࡿᐇ
㦂 ࡜ྠᡭ㡰࡛ 35%& ࢆస〇ࡍࡿ㝿ࡢ⾑ᾮࢻࢼ࣮࡜ࡋ࡚⏝࠸ࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࡢస〇࡜⸽⏕ 
 6' ࣛࢵࢺ࡟࢖ࢯࣇࣝࣛࣥ㯞㓉ୗ࡛ࠊྑ኱⭣ື㟼⬦࡟࣏࢚ࣜࢳࣞࣥ࢝ࢸ࣮ࢸࣝ  3(
ࢆࡑࢀࡒࢀᤄධࡋࡓࠋ኱⭣ື⬦࢝ࢸ࣮ࢸࣝࡣ 0$3ࠊᚰᢿᩘࡢ ᐃ  ᡭ㡰ࡣ➨  ❶
࡟㛵ࡍࡿᐇ㦂 ࡟ヲ㏙ཬࡧ⾑ᾮࢧࣥࣉࣝ᥇ྲྀ࡟⏝࠸ࠊ኱⭣㟼⬦࢝ࢸ࣮ࢸࣝࡣ⬺⾑ཬ
ࡧᢞ୚ᾮࡢ࣮ࣝࢺ࡜ࡋ࡚⏝࠸ࡓࠋ኱⭣㟼⬦࠿ࡽ඲⾑ᾮ㔞   P/NJ  ࡢ ࢆ 
P/PLQ ࡛ᐃ㏿⬺⾑ࡋࡓࠋ⬺⾑᏶஢  ศᚋ࡟ࠊ඲⾑ᾮ㔞ࡢ ࢆ P/PLQ ࡛ᐃ㏿⬺⾑
ࡋࡓࠋࡇࢀࢆࡉࡽ࡟ࡶ࠺  ᅇ⧞ࡾ㏉ࡋࠊྜィ ࡢ⬺⾑ࢆ⾜ࡗࡓࠋ௨㝆ࠊ ศ㛫࡟
ࢃࡓࡾ 0$3 ࢆ PP+J ௨ୗ࡟࡞ࡿࡼ࠺࡟㐺ᐅ⬺⾑ࢆ⾜࠸ࠊฟ⾑ᛶࢩࣙࢵࢡ≧ែࢆ⥔
ᣢࡉࡏࡓࠋࡑࡢᚋࠊ+E935%& ࠶ࡿ࠸ࡣ 35%& ࡢ࠸ࡎࢀ࠿ࢆ⬺⾑㔞࡜➼㔞㍺⾑ࡋ
࡚⸽⏕ࢆ⾜ࡗࡓࠋ࡞࠾ࠊ⸽⏕ᾮ࡜ࡋ࡚ࡢ +E9 ࠶ࡿ࠸ࡣ 35%& ࡣࠊ⭺㉁ᾐ㏱ᅽㄪᩚࡢ
ࡓࡵ࡟㑇ఏᏊ⤌᥮࠼ᆺࣄࢺ⾑Ύ࢔ࣝࣈ࣑ࣥ⁐ᾮ  ࣂ࢖ࣇ࢓ ࢆ᭱⤊⃰ᗘ ࡟࡞ࡿࡼ
࠺࡟ῧຍࡋ࡚࠾ࡾࠊ⣙ J+EG/ ࡢ⁐ᾮ࡜ࡋ࡚ㄪᩚࡉࢀࡓࡶࡢࢆ⏝࠸ࡓ  ࠋ 

 ⾑₢୰ $67 ཬࡧ $/7 άᛶ ᐃ 
 ฟ⾑ᛶࢩࣙࢵࢡ๓  EDVHOLQHࠊฟ⾑ᛶࢩࣙࢵࢡ⸽⏕┤ᚋ   KU࠾ࡼࡧฟ⾑ᛶࢩࣙࢵ
ࢡ  ᫬㛫ᚋ࡟࠾࠸࡚ࠊ⾑ᾮࢧࣥࣉࣝࢆᅇ཰ࡋࠊ㐲ᚰ᧯సᚋࡢ⾑₢ࢧࣥࣉࣝࢆᚓࡓࠋ
+E9 ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊ g  ศ㛫ࡢ㉸㐲ᚰฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖





 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿ⫢ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ⥙⨶ⓗホ౯ 











































 &<3FRFNWDLO యෆືែヨ㦂 
 ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡟‽ࡌ࡚ヨ㦂ࢆ⾜ࡗࡓࠋ 

 in vitro &<3 ௦ㅰάᛶヨ㦂 
 ฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽࡢ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࠿ࡽࠊ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡟‽ࡌ
࡚⫢࣑ࢡࣟࢯ࣮࣒ࢆㄪ〇ࡋࡓࠋࡑࡢᚋࠊ&<3$&( ࠾ࡼࡧ $ ࡢ௦ㅰάᛶ࡟







⸆≀ືែᏛ◊✲ᐊ ᑠ⏣ษ ඃᶞ ᩍᤵ࡟῝⏒࡞ࡿឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 

 ᮏ◊✲࡟㝿ࡋࠊ⤊ጞᚚᣦᑟ࡜ࡈຓຊࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊⸆≀ືែᏛ◊✲ᐊ
ᒣ㷂 ၨஅ ᩍᤵ࡞ࡽࡧ࡟ྠ ⏣ཱྀ ࿴᫂ ຓᩍ࡟ᚰ࠿ࡽឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 

 ᮏㄽᩥࡢᑂᰝ࡟࠶ࡓࡾࠊ᭷┈࡞ᚚຓゝ࡜ᚚᰯ㜀ࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊ศᯒ໬
Ꮫ◊✲ᐊ ➉ୗ ၨⶶ ᩍᤵࠊྠ་⒪⸆๣Ꮫ◊✲ᐊ 㛛⬥ ኱௓ ᩍᤵ࡞ࡽࡧ࡟ྠ⸆
⌮Ꮫ◊✲ᐊ ෆ⏣ ཭஧ ෸ᩍᤵ࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲࡍࠋ 

 ᮏ◊✲ࡢᐇ᪋࡟㝿ࡋࠊ+E9 ࠾ࡼࡧ (9 ࢆᚚᥦ౪࠸ࡓࡔࡁࠊ⤊ጞᚚ౽ᐅ࡜ᚚ㠴᧡ࢆ㈷




ࡲࡋࡓ⇃ᮏ኱Ꮫ኱Ꮫ㝔⏕࿨⛉Ꮫ◊✲㒊⣽⬊⑓⌮Ꮫศ㔝 ➉ᒇ ඖ⿱ ᩍᤵ࡞ࡽࡧ࡟ྠ
⸨ཎ ❶㞝 ㅮᖌ࡟῝ࡃឤㅰ࠸ࡓࡋࡲࡍࠋ 

 ᮏ◊✲ࢆ㐙⾜ࡍࡿ࡟࠶ࡓࡾࠊࣉࣟࢸ࣮࣒࢜ゎᯒ࡟⤊ጞᚚᣦᑟ࡜ᚚຓຊࢆ࠸ࡓࡔࡁࡲ




㔞 ᩍᤵ࡞ࡽࡧ࡟ྠ〇๣Ꮫ◊✲ᐊ Ᏻᴦ ㄔ ᩍᤵ࡟῝ࡃឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 
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